M3BECTMSA 


AKAJIEMHMUW HAYK CCCP Number 5 
OTAENEHUE May, 1960 


XMMUYECKHX HAVK 


BULLETIN OF THE 
“ACADEMY OF SCIENCES 


OF THE USSR 


Division of Chemical Science 


(IZVESTIYA AKADEMII NAUK SSSR) 


(OTDELENIE KHIMICHESKIKH NAUK) 


IN ENGLISH TRANSLATION 


x 
A 
4 
4 


2 | 
| 
| 
| 
| 
| 
| 
: 
| 
AS 
3 
| 
| 
| 
| 
4 
| 
| 
| 
CONSULTANTS BUREAU : 
j 


2 
228. 


TABLES AND 


NOMOGRAMS OF 


HYDROCHEMICAL 
ANALYSIS 


by |. Yu. Sokolov 


Translated from Russian 


CONSULTANTS BUREAU 
227 W. 17 ST., NEW YORK 11, N. Y. 


Upon completion of analytical experiments, every research chemist, 
whether he uses a “test tube” or a “I POOUPKAa,” must calculate his 
findings in the international language of figures in two forms (weights 
and equivalents), and often three (weights, equivalents and percent- 
equivalents), and then compare experimental data with theoretical 
values. 

Technicians and statisticians working with the results of hydro- 
chemical analyses performed at different times by different laboratories 
inevitably face the problem of converting their figures to one system. 

All such calculations are considerably simplified by the use of the 
tables and nomograms in this book, originally published by the State 
Scientific and Technical Press for Literature on Geology and the 
Conservation of Mineral Resources, Moscow. 

All the tables and nomograms are based on analytical results 
expressed in the form widely used in hydrogeological practice—milli- 
grams per liter (weight form) and milligram-equivalents per liter 
(equivalent form). For calculation of percent-equivalents, the sum of 
cation equivalents and the sum of anion equivalents are taken as 100% 
each. Several new tables are presented for the first time, and the many 
tables for converting water-analysis results from one form to another 
make it possible to find the miiligram-equivalents for any practically 
possible content of a component in water, accurate to the second 


decimal place, and the weight content of substances to tenths of a 
milligram. 
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THE INFLUENCE OF THE WORK OF A. E. FAVORSKII 
ON THE DEVELOPMENT OF THE CHEMISTRY 
OF HIGH MOLECULAR COMPOUNDS (CENTENARY OF HIS BIRTH) 


M. F. Shostakovskii 


Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, 
No. 5, pp. 769-778, 1960 


The name of Academician Aleksei Evgrafovich Favorskii, the outstanding representative of Soviet chem - 
istry, is known to chemists over the whole world. He was a student of Aleksandr Mikhailovich Butlerov, the 


creator of the theory of the structure of organic compounds and directly continued Butlerov's scientific ideas 
and traditions. 


It is often erroneously considered that Favorskii*s work was only in one field of organic chemistry, al- 
though quite wide, namely, that of acetylene chemistry. This is incorrect. Favorskii's work was on a truly 
gigantic scale, its import deep, concerning science in general; not only does it encompass all the fields of or- 
ganic chemistry, but it goes beyond the bounds of any one chemical science and is based on a whole series of 
neighboring sciences (inorganic, physical, biological, and other chemical fields.) 


Acetylene was the most important subject of Favorskii's investigations. However, we should note here that 
the basic rules of chemical conversions established on the example of monosubstituted acetylenes (their isomeriza - 
tion to disubstituted hydrocarbons) are not a particular property of acetylenes but a general property of chemical 
molecules, i.e,, their capacity to change structure and properties under certain conditions with the retention of 


the same composition. The discovery of isomeric conversions of chemical compounds is one of the outstanding 
achievements of chemistry. 


It is naturally impossible to mention in one short article all aspects of the diverse activities of A. E. 
Favorskii, who was such a great scientist, the creator of the most democratic school of organic chemists, and an 
outstanding representative of natural materialism in chemistry [1]. 


Let us pass to the main theme of this article and try to show the influence of Favorskii's ideas on the solu- 
tion of general problems in organic chemistry and the chemistry of high molecular compounds. Investigations 
on the synthesis and conversions of vinyl ethers were carried out under Favorskii's direct supervision. This field 
is now so well-developed and elucidated [2] that we need not examine the problems in detail. We must mention 
in this article several ideas which originate from Favorskii. After the synthesis of vinyl ethers had been mastered 
successfully, it was necessary to investigate the properties and conversions of these ethers. Keeping in mind the 
main goal, which was the preparation of polymers, we made many attempts to polymerize these compounds, as- 
suming that the polymerization of these compounds would be completely analogous to the polymerization of 
styrene, vinyl chloride, and other vinyl compounds. However, in this case tests with standard catalysts gave no 
results. Favorskii had noted that oxygen, and in particular its capacity to form hydrogen bonds (oxonium com- 
pounds) may play an important role in the case of vinyl ethers. Later on, this problem was examined thoroughly, 


this property of oxygen actually confirmed, and the active role of oxonium compounds in ionic polymerization 
demonstrated. 


It was shown that vinyl ethers with the general formula CH,=CHOR are extremely reactive substances; 
the most varied compounds may be synthesized from them. Vinyl ethers are readily polymerized, add water, 
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alcohols and organic and hydrohalic acids, halides, acetals, hydrogen sulfide, mercaptans, and other compounds 
undergo diene synthesis, etc. The chemical properties of vinyl ethers are explained by the peculiar combination 
of a double bond and the ether oxygen, which has onium properties. Most of the reactions mentioned occur under 
the action of catalysts which decompose readily to ions, for example, metal halides and hydrohalic acids. A 
vinyl ether molecule is activated by forming an oxonium complex with a catalyst molecule. The oxonium com- 
plex formed is dissociated and gives rise to an ionic process. The decomposition of the complex results in the 
activation of the molecule and the liberation of the catalyst for further complex formation, which results in the 
growth of a chain. Thus, the formation of oxonium complexes is the first elementary act in the various ionic 
reactions of vinyl ethers. 


A completely different picture was observed in the investigation of the properties of vinyl ethers of eth- 
anolamines CH,==CHOCH,CH,NR, [3-4] and monovinyl ethers of various glycols CH,=CHO(CH), OH [5]. 
These vinyl compounds are less reactive in ionic reactions than the vinyl alkyl ethers. For example, the vinyl 
ethers of monoethanolamine CH,=CHOCH,CH,Nh,, diethanolamine (CH,=CHOCH,CH,),NH, and g -(phenyl- 
amino)ethanol CH, = CHOCH,CH,NHCgH, do not add alcohols and are not polymerized by the action of hydro- 
halic acids or metal halides, 


In order to explain the characteristics of the behavior of vinyl ethers of ethanolamines, they were investi - 
gated optically [6] and their association studied by the parachor method [7]. These investigations showed that 

the chemical inertness of these vinyl ethers of ethanolamines in ionic reactions is due to a certain extent to the 
presence in their molecules of an intramolecular hydrogen bond of the type > NH... O. 


| | 
CH2=-CH—O NCgHs 


The presence of such a hydrogen bond prevents the catalyst from reacting with the oxygen atom of these vinyl 
ethers and hinders the formation of an oxonium complex which is the primary act in the conversions of vinyl 
ethers. By changing the substituent at the nitrogen in the vinyl ethers of ethanolamines, it is possible to affect 
the strength of their intramolecular hydrogen bond, and consequently, affect their reactivity, as was also ob- 
served optically. If one hydrogen of the amino group in the vinyl ether of monoethanolamine is replaced by a 
phenyl radical, there is an appreciable change in the chemical and optical behavior of the substance. The 
phenyl radical raises the energy of the N-H bond and its vibration frequency as well. As a result of this, the 
NH—O hydrogen bonds are weakened and this in its turn results in an increase in the reactivity of the vinyl ether 
of 6 -(phenylamino) ethanol as compared with the vinyl ether of g -aminoethanol and divinyl ether of diethanol- 
amine. In contrast to the latter, the vinyl ether of g -(phenylamino)ethanol is readily cyclized, for example, 

in the presence of traces of concentrated hydrochloric acid, 


O—CH; 
—» CH;—CH 
N—CH, 
Cells 
and also undergoes other reactions. 
-+ 
/ OCU 


CH;CH 
= \n—ct {sCH,OCH HOCH,CH,NHCgH; -+ 
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A further extension of these investigations to the polymerization of vinyl sulfides made it possible to 
elucidate the role of thionium complexes. Sulfur-containing vinyl compounds also have the capacity to form 
thionium-type compounds with metal halides, and the negative effect of this is seen in ionic polymerization. 


We will now give a brief account of new monomers prepared from diacetylene. The change from syntheses 
based on acetylene, inherited directly from Favorskii, to those based on diacetylene is an example of the direct 
developments of the ideas of one school, the Butlerov—Favorskii school. Diacetylene is of great interest at present 
as it may be used as the starting material for many organic syntheses which are important scientifically and prac- 
tically. In contrast to that of acetylene, the chemistry of diacetylene has not been studied sufficiently until 
recently. We undertook a systematic study of the reactions of diacetylene with compounds containing a labile 
hydrogen. 


The reaction of diacetylene with alcohols [8], amino alcohols [9], and mercaptans [10] is of outstanding 
interest as it makes it possible to prepare an extensive series of organic compounds with an ether or thioether 
group at a conjugated system of double and triple bonds, as well as butadiene q-ethers, a, 5-dithioethers, and 
mixed a, 6-thioethers. Aliphatic, aliphatic-aromatic, and hydroaromatic alcohols, amino alcohols and mer- 
captans react readily with diacetylene. The investigations showed that alcohols react with diacetylene under 
the action of alkali and with heating to give ethynyl vinyl ethers and acetals of butyn-2-al-4. The reaction 
proceeds according to the following equation: 


ROH ROH 
CH= C—C==CH —— CH==C—CH=CHOR CHsC==C—CH(OR), 
R=CHs; CroHy7; CoHsCHe; 


The reaction of diacetylene with mercaptans may proceed when the reagents are simply mixed together 
and is a stepwise reaction. It is interesting to note that the addition of mercaptans differs from the addition of 
alcohols in that the second mercaptan molecule adds at triple bond to form dithioalkyl(pheny1)-1,3-butadienes 
by the equation 


RSH R’SH 
CH=C—C==CH —— CH==C—CH=CHSR R’SCH=CH—CH=CH—SR; 
Rand R’=C,Hs; 


In contrast to unsubstituted alkanols, § -(diethylamino)ethanol reacts with diacetylene at room tempera- 
ture without a catalyst to form only 1-(g -diethylamino)ethoxybuten-1 -yne -3. 


CH=-C—C==CH -+ HC==C-—-CH 


The second amino alcohol molecule adds under much more drastic conditions (boiling point in vacuum in 
the presence of potassium alcoholate as catalyst) to form 1,3-(and 1,4)-di-(g -diethylaminoethoxy)-1,3 - butadiene. 


Ethyny! vinyl ethers, thioethers, and nitrogen-containing ethyny] vinyl ethers may add mercaptans to form 
alkoxythioalkyl-(aryl)-1,3-butadienes or dithioalkyl-(aryl)-1,3-butadienes. 
CH==C—CH =CHOR -} R’SH-+ R’‘SCH=CH—CH=CH—OR 
R’=C3Hs; CeHs; R=CyHo; CypHyg; CHeCHs; 


The unusual ease of this reaction and its good yields could be used for the synthesis of a series of different 
dithioalkyl-(aryl)- or alkoxythioalkyl-(aryl)-1,3-butadienes. 


The properties of the ethynyl vinyl ethers and thioethers, as well as their derivatives were studied in a series 
of chemical reactions and of these the partial hydrogenation of ethynyl vinyl ethers was valuable as it lead to the 
formation of 1-alkoxy-1,3-butadienes: 


H 
CH==C-—-CH=CH—OR CH,=CH—CH=CH—OR 
R=CyHp; 
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The 1-alkoxybutadienes, 1,4-dithioalkyl-(aryl)-1,3-butadienes, and 1-alkoxy -4-thioalky1-(aryl)-1,3- 
butadienes synthesized underwent diene synthesis with maleic anhydride and crotonaldehyde; a conjugated sys- 


tem of double bonds was found in them spectroscopically. Butadiene a-ethers and some ethynyl vinyl ethers 
are polymerized and copolymerized. 


As monoethanolamine reacts with diacetylene both at the hydroxyl and the amino groups without catalyst 
at room temperature, we investigated the addition of amines and diamines to diacetylene and this reaction gave 
good yields of different nitrogen-containing unsaturated compounds [9]. Amines and diamines react with diacetyl- 
ene exothermally without a catalyst. The direction of the reaction is determined by the nature of the starting 
amine. Primary amines react with diacetylene to give N-alkyldiamino-1,4(1,3)-1,3-butadienes (80% yield) 
RNHCH =CH—CH= CHNHR (R = Under analogous conditions, secondary amines form 
mainly N,N-dialkylamino-1 -buten-1-ynes-3 (60% yield )» HC=C—CH=CHNR, (R = C,Hs; n-CyHg; 
which add amines when boiled in vacuum to form the corresponding 1,4-diamino-1,3-butadienes. As diamines 
have several reaction centers, their reaction with diacetylene proceeds with the formation of products with dif- 
ferent structures, depending on the reaction conditions. For example, with excess ethylenediamine at 20-30°, 
one of its molecules adds to one diacetylene molecule. The structure of the compounds obtained was demonstrated 
by hydrolysis and diene synthesis and spectroscopically. 


The synthesis of vinyl compounds containing sulfur [11] is of particular interest. These compounds were 
prepared by a modification of the Favorskii-Shostakovskii vinylation reaction. 


KOH(10—20%) 
RSH CH=CH —————-— RSCH=CH,(R=Alk, Ar) 
70—190° 
The catalyst concentration, the solvent used, and the reaction temperature are changed substantially from 
mercaptan to mercaptan [12, 13]. One essential condition is that excess acetylene is present in the reaction 
medium (from 1.5 to 3-4 mole/ mole of mercaptan) as this reduces to a minimum the secondary formation of 


dithioethylene glycol ethers due to the reaction of the vinyl sulfide formed with the mercaptan present in the 
reaction medium. 


This reaction is a free radical addition catalyzed by oxygen and peroxide compounds present in the reac - 
tion medium. Hydroquinone inhibits this reaction completely and under these conditions there is slow ionic ad- 


dition of the mercaptan according to Markovnikov’s rule; this reaction is appreciably accelerated in the presence 
of catalytic amounts of SO), 


R’ 
—-—+ RSCH,CH,SR 


CH;=CHSR + RSH—|,,, SR 
—CH;CH 
\gp 


Under appropriate conditions, mercaptans are vinylated more readily and in better yields than alcohols, 
and the alcohol groups of the solvent or of the starting mercaptan itself remain unaffected. This makes it pos- 
sible, for example, to carry out stepwise vinylation of monothioethylene glycol to give first S- and then O-vinyl 


compounds [14]. Other vinyl compounds were also obtained, namely derivatives of monothioethylene glycol 
ethers with alkyl groups at the O or the S [12-15]. 


Cleavage of vinyl sulfides with an alcohol solution of mercuric chloride [12, 13] is a convenient method 
for determining them quantitatively. 


CHg=CHSR -}+ HgCl2 -}- CgHsOH CH3CH (OC;Hs)e -}- CIHgSR +- HCl 


Cleavage with mercuric chloride cannot be used for analyzing vinyl sulfides containing cyclic nitrogen 


such as S-vinyl mercaptobenzthiazole [16], which gives a stable complex with mercuric chloride that may be 
used for its purification. 


A further extension of this work [17] was the selective oxidation of the sulfur in vinyl alkyl sulfides to 
form vinyl sulfoxides or vinyl sulfones, which in their turn, may be used as starting material for polymerization. 
H,0,(60—70%)_ 


|\—3—( 20°), 40—48 hr ©H2=CHSOR 
CH2=CHSR—|_ CH, —CHSO.R 
peraci 
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Before the work carried out by Favorskii's school, there were only isolated patent data on the preparation 
of vinyl sulfide polymers and their properties [18] and a few papers of a kinetic character [19, 20]. However, 
the introduction of sulfur improves the dielectric properties of the polymer [20], increases its thermoplasticity, 
and when sulfone groups are introduced, increases the gasoline -resistance [21]. The polymerization of vinyl 


sulfides is also interesting theoretically as a study of its bases may be a means of clarifying the character of the 
interaction between the C=C bond and the adjacent sulfur atom. 


Vinyl sulfides have a much lower tendency for cationic polymerization under the action of metal halides 
than vinyl ethers, which are readily polymerized under these conditions. Nonetheless, the former give polymers 
relatively easily under the action of a suitable free radical initiator. Thus, vinyl ethyl sulfide does not give 
polymers with ferric chloride hexahydrate [22, 23], but is quantitatively polymerized in 3 hr at 60° in the presence 
of 1% boron trifluoride etherate [23] and gives up to 70% of polymer in 100 hr at 60° in the presence of 0.2% of 
azoisobutyrodinitrile. The low activity in cationic polymerization is due not so much to the lower nucleo- 
philicity of the double bond in vinyl sulfides as compared with that of their oxygen analogs, but to the presence 


of a second reaction center, namely, the sulfur atom which binds the catalyst by forming quite stable thionium 
complexes. 


It is characteristic that g -ethylthioethyl vinyl ether, which polymerizes poorly, gives an iodomethylate, 
is hydrolyzed very readily, and adds alcohol quantitatively under the action of catalytic amounts of hydrogen 
chloride, which does not form complexes at the sulfur atom. The best yield of polymers formed by an ionic 
mechanism was obtained in the presence of boron trifluoride etherate. The molecular weight of these polymers 
was determined cryoscopically and by a chemical method based on the titration of the end thiovinyl groups men- 
tioned above in the "mercuric chloride" method. The good agreement of data obtained by different methods 
indicated that the end groups actually were thiovinyl groups, -CH=CHSR. 


Polymerization of vinyl sulfides in the presence of free radical initiators gave a series of polymers. The 
best yields were obtained under the action of azoisobutyrodinitrile. Benzoyl peroxide cannot be used as a poly - 
merization initiator as it adds quantitatively at the double bond [24] as was demonstrated previously for vinyl 
ethers [25]. In determining the molecular weight of these polymers there was good agreement between the 


chemical and viscosimetric methods which thus confirms that in free radical initiation the end groups were 
thiovinyl and thione groups were not formed, 


—CH,—CHSR CH==CHRS R’H 


| (Or CH,--CHSR) 
| 


| | 
+ R 
NH 


and decomposition of the type -CH,CH—OR -. —CH,CHO + R apparently explained [25] the formation of only 


very low-molecular polymers during the polymerization of vinyl ethers [26]. Termination of the chains during 
vinyl sulfide polymerization was achieved partially by transference by monomer molecules. 


Vinyl] sulfides can produce copolymers with a high content of the sulfur component, which indicates, in 

particular, the high reactivity of the radicals -CH,—CHSR relative to the monomer itself. We determined [27] 
| 

the relative activity constants (r, and r,) for the couples vinyl ethy! sulfide—methyl methacrylate and vinyl ethyl 
sulfide —styrene by titrating the unreacted monomer (the vinyl sulfides were determined by the "mercuric chlo- 
ride” method and the second monomer polarographically.) The results were processed graphically by the Alfrey 
equation in an integral form [28]. The values we obtained for vinyl ethyl sulfide and styrene were: r, = 0.25 
+ 0.1; mr = 6.0 4 1.5 and for vinyl ethyl sulfide and methyl methacrylate; r, = 0.3 + 0.1; r = 2.7 4 0.5. 


Vinyl sulfides are more active than vinyl ethers and they participate in free-radical reactions such as ad- 
dition to mercaptan, polymerization, and copolymerization. This property of theirs is undoubtedly due to the 
specific effect of the sulfur atom on the adjacent double bond. This interaction is also seen in vinyl sulfide 
spectra, which have the optical features of strong conjugation, namely, a sharp fall in the frequency character - 
istic of C = C bonds with retention of its high intensity. The polymerization of compounds containing a sulfone 


group is of particular interest. Preliminary data show that vinyl ethyl sulfone can give water soluble and gasoline - 
resistant polymers under the action of free radical initiators. 
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At present, in accordance with a concept that has become established in world literature, all vinyl com- 
pounds are divided into two groups: the first includes compounds which are capable of reacting by an ionic 
mechanism, and the second includes compounds which can react only by a free radical mechanism. As all the 
very diverse chemical properties of the molecules cannot be fitted within this artificially conceived classification, 
its authors were compelled by the extensive factual material to denote a third group of polymerizing compounds 
which react both by ionic and by radical mechanisms, for example, in hydrohalogenation [1] studied by Kharasch 
[29] and in addition to hydrogen sulfide [2] and mercaptans [30] to vinyl ethers. 


CH,=CH—CH,Br -++ HBr CH.Br—CH,—CH,Br 


(1) 
(2) 


The conversions of simple vinyl compounds under the action of mineral acids may be used as a most clear 
example of the molecular mechanism of the reaction. 


CH.—CHOR -++- HSR —— RSCH,--CH,—-OR 


The experimental material accumulated in this field shows that the reaction of vinyl alkyl ethers with, 


for example, mineral acids, is a molecular mechanism which may be reduced to the formation of the following 
complexes, 


CHg=CHOR -+ HX CH,=CH—O—R 
Xx 


In this connection it is important and interesting to elucidate the nature of the “anomalous” valence of 


oxygen and thus extend the ideas on the reactivity of vinyl alkyl ethers. Vinyl alkyl ethers also react by a mole- 
cular mechanism with, for example, alcohols. 


CH2=CHOR -+- HOR — 
HOR 


In order to establish the accuracy of this idea, the nature of the “anomalous” valence of oxygen was studied 
by means of Raman spectra. 


On the one hand, partial vinyl ethers of ethylene glycol and on the other, the following vinyl ethers of 
ethanolamines are of great interest: 


a) CH,=CH—OCH,—CH,NH, 


GH 
b) CH,=CH—O—CH,—CH,NC 
\GH 


c) CH,=CH—O—CH,—CH;—NH 
| 

CoHs 
The structure of vinyl alkyl ethers includes the formation ot a hydrogen bond, while in the case of partial 


vinyl ethers of glycols and vinyl ethers of ethanolamines, the presence of labile hydrogens of the hydroxyl and 
amino groups results in the formation of intermolecular and intramolecular hydrogen bonds. 


po 
O...H—O—CH,—CH, 


CH,=CH 
» 
. » HO—CH,—CH,” 


CH,=CH—O—CH, O—CH, 
CH=CH” | 
i H CH, 
| 
O—CH, NH 


Among the clearest indications of an ionic mechanism in a reaction are the following: 
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a) The formation of active intermediate complexes (1), (II), and (III), between the starting unsaturated 


compound and the catalyst 


| 
CHs 


(IL) CH,=CHR -}- AICI) CH,—CH--R 


HCl 


b) The particular character of the reacting substances and catalysts which enables them to decompose to 
ions. 
Our case involves cationic catalysis which, in its turn. may be protonic, if the starting catalysts decompose 
to form hydrogen ions, or aprotonic, when strongly polar molecules which provide ions are used as ionic catalysts. 


Catalytic ionic polymerization also includes chain reactions and apparently proceeds by the so-called carbonium 
mechanism. 


A characteristic of vinyl ethers is their resistance or inertness to radical initiation by benzoyl peroxide and 


oxygen. In a medium of vinyl ethers or in a reaction medium containing them,benzoyl peroxide undergoes sym - 
metrical decomposition (CgHsCOO), 2CgHgCOO". 


Based on the fact that vinyl alkyl ethers are not polymerized by oxygen, the hypothesis has been put for- 
ward that the radical mechanism of the reactions of these ethers cannot be produced by radicals and atoms whose 
free valence is attached to oxygen. In this connection as an initiator of radical polymerization we tested 2-azo- 
bisisobutyronitrile, which decomposes to form radicals whose free valence is attached to carbon. 


Thus, Favorskii's instructions to study thoroughly the structure, properties, and reactivity of any monomer 
before polymerizing it, which he always stressed in his work and required of his students, even in a particular 


problem, concerned with the preparation of high molecular compounds, helped considerably to carry out the work 
described in this article. 
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PREPARATION OF NITROSYL FLUORIDE 
AND SOME OF ITS PROPERTIES 


G. A. Sokol'skii and I. L. Knunyants 


Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 779-783, 1960 


Original article submitted October 27, 1958 


Despite a number of descriptions of the preparation of nitrosyl fluoride, up to now none of these methods 


could be considered as preparative. Comparatively simple and convenient methods of synthesizing this com- 
pound are reported in published work. 


Nitrosyl fluoride was obtained for the first time by passing nitrosyl chloride over silver fluoride in a pla- 
tinum tube at 200-250°[1]. The drawbacks of this method are the considerable contamination of the nitrosyl 
fluoride with its chlorine analog andthe need to work in a platinum apparatus. Another method of preparing 
nitrosyl fluoride is the decomposition of nitroso fluorine-containing compounds. Thus, when nitrosonium hexa - 
fluoroantimonate is heated with anhydrous potassium bifluoride to 320°, nitrosyl fluoride is liberated [2], How- 
ever, the preparation of nitrosonium hexafluoroantimonate is a long, multistage process and the actual yield 
of nitrosyl fluoride does not exceed 5-8 g from 100 g of complex salt. Considerable difficulties also arise in 


the preparation of nitrosyl fluoride by heating a mixture of nitrosonium tetrafluoborate with sodium or potassium 
fluorides [3}. 


The simplest method of preparing nitrosyl fluoride is undoubtedly the direct addition of elementary fluorine 
to nitric oxide. This method was first tried by Ruff [4], who obtained nitrosyl fluoride in a copper reactor in the 
gas phase, These directions on the preparation of nitrosyl fluoride from nitric oxide and fluorine by a gas method 
are the only ones. We should also note the communication of Moussan [5], which was published earlier, but could 
not be confirmed subsequently, that fluorine reacts with excess nitric oxide to form nitryl fluoride and nitrogen. 
In recent years a method has been described for preparing nitrosyl fluoride by liquid-phase fluorination of nitric 
oxide [6]. This method consists of batch condensation of small amounts of nitric oxide in vacuum and subsequent 
passage of pulses of fluorine over the surface of the liquid nitric oxide. This procedure requires a special appara - 
tus and gives only very small amounts of nitrosyl fluoride. 


Of the methods of preparing nitrosyl fluoride examined, only two merit attention: 1) decomposition of 
polynitroso -containing salts with a comparatively low molecular weight; 2) gas-phase addition of fluorine to 
nitric oxide. The advantage of the former method is the possibility of preparing nitrosyl fluoride in laboratories 
where elementary fluorine is not available. In the preparation of nitrosyl fluoride by this method it is not at all 
essential to have fluorine atoms in the molecule of the nitroso-containing compound. Thus, it was found that 
an extremely convenient and quite simple method of preparing nitrosyl fluoride is the slow heating to 200-220° 
of a mixture of powdered nitrosonium pyrosulfate and excess potassium fluoride. The nitrosyl fluoride, which was 


formed in almost quantitative yield, was trapped in a receiver cooled to -100 to -90° and was a practically pure 
preparation. The reaction is described by the equation 


-| 2KF 2NOF e 


In comparison with the preparation of nitrosyl fluoride by decomposition of nitrosonium hexafluoroanti - 
monate or tetrafluoborate, the new method has a number of advantages. The main one of these is the relative 
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accessibility of nitrosonium pyrosulfate, which is readily ob- 


tained by mixing nitrogen peroxide and sulfur dioxide at 
oes, Corrosion in mg/ mm? room temperature in a sealed tube [7] or by heating the solid 
ple | Material a ae product formed by passing nitric oxide over sulfur trioxide [8]. 
No. 40 be 180 hr -}+- 2502 (NO)2S,0, NO 
3NO +. 3SO, 3803: NO (NO),S,0, -!- NO +- SO, 
1 | Tin 400 % A convenience of work with nitrosonium pyrosulfate is also 
se! EZh2 poe its high stability as it forms colorless crystals, which not only 
4 | Steel YalT oe melt (at 217°), but even distill without decomposition (at 360°). 
5 »ppe vA 
‘ Tiaplate 0.0364 Although the method proposed is quite simple and con- 
3 ot © ones venient, where it is necessary to prepare large amounts of 
9 | Alloy of 50% nitrosyl fluoride it cannot be regarded as preparative. A 
co er and 0.0170 preparative method of preparing nitrosyl fluoride is gas-phase 
10 ty ad 0,0068 0.0155 fluorination of nitric oxide. We prepared nitrosyl fluoride by 
11 | Steel YaT1 | 0,0057 ae this method in a vertical copper reactor by mixing gaseous 
‘3 Nickel 00032 0,0033 nitric oxide and elementary fluorine and the two starting com- 
14 | Steel ponents were prepared at the same time as the main process. 
| IKhi8N9T | 0,0021 | 0,0032 


The ratio of volumes of nitric oxide and fluorine was not 
strictly stoichiometric; not less than 10% excess of nitric 
oxide was used. The latter was necessary for complete reaction of all the fluorine used and to prevent it from 
getting through the reactor as otherwise the fluorine ignited the rubber connections at the end of the system. 
The whole system was flushed with dry nitrogen before operations, 


The combination of nitric oxide and fluorine and the formation of nitrosyl fluoride proceeds spontaneously 
with the evolution of a considerable amount of heat. 


2NO 2NOF 


The nitrosyl fluoride formed was withdrawn from the top of the reactor and condensed in two successive quartz 
receivers cooled to -100 to -90°, with the first (main) receiver placed in a cooling mixture only 15-20 min after 
the beginning of operations, i.e., was first flushed with nitrosyl fluoride. The excess nitric oxide passed from the 
second receiver through a copper column with fired potassium fluoride and then through a Drechsel bottle with 
an alkaline solution of pyrogallol. A colorless condensate, which was pure nitrosyl fluoride, was collected in 
the first receiver. The first coloring of the nitrosyl fluoride which was often observed occurred only during the 
first period of operations or during the switching over and replacement of receivers; during prolonged and con- 


tinuous operations, the nitrosyl fluoride formed condensed as a colorless liquid. The nitrosyl fluoride yield was 
100%, calculated on fluorine. 


The physical properties of nitrosyl fluoride obtained both by decomposition of nitrosonium pyrosulfate and 
by gaseous fluorination of nitric oxide corresponded to those presented in the literature. Pure nitrosyl fluoride 
is colorless both in the gas and liquid states; it is rapidly decomposed in air with the liberation of brown fumes 
of nitrogen peroxide. An investigation of the reaction of nitrosyl fluoride with water showed that its hydrolysis 
proceeds rapidly and completely. The whole of the fluorine remains in the aqueous solution as hydrogen fluoride, 
while the nitric oxide is not completely bound in the solution and the ratio of fluoride ion to nitrite ion is 3: 1. 


The method developed for preparing nitrosyl fluoride made it possible to synthesize it in large amounts 
and with a high degree of purity. There is naturally the problem of storing it for future use as an intermediate 
in syntheses. This problem is complicated by the unusual reactivity and corrossiveness of this compound. Normal 
and even quartz glass is slowly attacked by nitrosyl fluoride [4], Although fluorinated plastics of the fluorothene 
type are inert toward it, the storage of the liquid preparation in such vessels is complicated by the high volatility 


of nitrosyl fluoride. It seemed interesting to examine the corrosion resistance of various metals and alloys toward 
liquid nitrosyl fluoride. 


We investigated the corrosion of samples of some metals and alloys by liquid hydrogen fluoride. In the 
first series of experiments the samples were tested for 40 hr and those of them which showed a relatively high 
resistance to liquid nitrosyl fluoride were treated with the preparation for 180 hr. The results of the corrosive 
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action of liquid nitrosyl fluoride are presented in the table. It was found that such materials as tin, lead, and 
the steels EZh2 and YalT are quire unsuitable for work with nitrosyl fluoride. Tin dissolved in nitrosyl fluoride 
completely to form crystalline nitrosonium hexafluorostannate. 


Steel YalT and brass are comparatively resistant to liquid nitrosyl fluoride. Electrolytic nickel and stain- 
less chromium—nickel steel are hardly corroded and may be recommended as materials for vessels for storing 
liquid nitrosyl fluoride. 


EX PERIMENTAL 


Preparation of nitrosyl fluoride from nitrosonium pyrosulfate. Into a round-bottomed flask fitted with a 
bubbler and outlet tube was placed 25 g of sulfur trioxide and dry nitric oxide passed in until absorption ceased. 
The reaction mass was then heated slowly until it melted and then rapidly until it boiled gently. On cooling, 
the white crystalline mass of nitrosonium pyrosulfate (40 g) was powdered and mixed carefully with 70 g of 
powdered, fired potassium fluoride. The mixture was placed in a copper flask and slowly heated to 200-220°, 
The gases liberated were condensed in a receiver cooled to -100 to -90°. Fractionation yielded 12 g of nitrosyl 
fluoride with b.p. -60 to -58°, B.p. -59.9° is reported in the literature for nitrosyl fluoride. 


The nitrosyl fluoride was analyzed in the following way: ~ 2 ml of liquid preparation was evaporated and 
absorbed in 10% aqueous potassium hydroxide (~ 100 ml.) The fluorine ion content of the solution was deter- 
mined by thermometric titration and the nitrite ions were determined iodometrically by the method of Rao and 
Pandalay. The ratio of fluoride to nitrite ions was 1 ; 0.96. 


Preparation of nitrosyl fluoride from nitric oxide and fluorine. 
Nitric oxide was prepared in a Kipps apparatus by the action of nitric 
acid (d - 1.2) on copper turnings. The gaseous nitric oxide was passed 
successively through a Drechsel bottle with 15 % potassium hydroxide solu- 
tion and columns with solid potassium hydroxide and phosphorus pentoxide 
to remove nitrogen trioxide and moisture. A rheometer was placed in 
front of the last column to measure the nitric oxide input rate; sulfuric 
acid (d - 1.84) was used as the manometric liquid. Elementary fluorine 
was obtained by electrolysis of acid potassium fluoride and purified by 
passage through fired potassium fluoride. The fluorine input rate was de- 
termined by measuring the rate of hydrogen liberation from the cathode 
space of the electrolyzer. 


The nitrosyl fluoride was prepared in a vertical, cylindrical copper 
reactor (figure.) The reactor was connected successively to two quartz 
receivers, a copper column with fired potassium fluoride, and a Drechsel 
bottle with an alkaline solution of pyrogallol. Before operations, the 
whole system was flushed with dry nitrogen for 15-20 min. With the 
nitrogen still flowing, the second receiver was cooled to -100 to -90°, 
nitric oxide admitted to the system at a rate of 160-280 ml/ min and then 
fluorine at 120-125 ml/ min; the nitrogen flow was then stopped. The reac- 
tion began spontaneously as indicated by the considerable evolution of heat 
in the reactor (the temperature rose to 42-45°) and a light blue liquid con- 
densed in the second receiver. After 15-20 min, the first receiver was also cooled to -100 to -90° and the bulk 
of the condensate was collected in it as a colorless liquid. In 4 hr, ~ 90 ml of nitrosyl fluoride with b.p, -60 to 
-59° was collected in the first receiver. Molecular weight found 48.2, F ; NO = 1: 0.98; for ONF, calc. mole- 
cular weight 49.0,F : NO=1:1. 


Apparatus for preparing nitrosyl 
fluoride. 1) Copper reactor; 

2) end caps; 3) thermometer 
pocket; 4) nitrogen inlet pipe; 
5) nitric oxide inlet pipe; 6) 
fluorine inlet pipe; 7) nitrosyl 
fluoride outlet pipe. 


The condensate in the second receiver (8-10 ml) was fractionated. The first fraction (5-6 ml) distilled 
at -60 to -57° and was nitrosyl fluoride. The second fraction (3-4 ml of an intensely blue liquid) began to boil 
at 5-6° with the evolution of brown vapor and was probably nitrogen trioxide. 


No appreciable corrosion of the quartz glass was observed during a day's operation. 
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Hydrolysis of nitrosyl fluoride. Liquid nitrosyl fluoride (15.1 g, 0.308 mole) was evaporated and passed 
into a gasometer. The colorless gas (2.9 liter) was collected in the gasometer over water. The gas volume did 
not change over a period of 15 hr. The remaining gas was insoluble in water and aqueous alkalis, did not liquify 
when cooled to -110°, formed brown vapor in air, and was nitric oxide. Molecular weight found, 29.1; molecular 
weight calculated for ON, 30.0. The aqueous solution in the gasometer contained fluoride, nitrite, and nitrate 
ions. Found: F~ 0.301 g-ion; ONO™ 0.099 g-ion. 


Corrosive action of nitrosyl fluoride on metals and alloys. Into a 75-ml metal tube was placed 30-35 ml 
of liquid nitrosyl fluoride and 2-3 plates of the material tested with a carefully polished surface. The weight 
and surface area of each plate were measured first. The tube was hermetically sealed with a stopper and left 
at room temperature for 40 hr in some cases and for 180 hr in others, after which it was opened. The sample 
plates were carefully freed from corrosion products, washed, and dried. The amount of corrosion was determined 
as the loss in weight of the plates per unit area of original surface. The average results of 4-5 experiments are 
given in the table. 


SUMMARY 


1. A new method was found for preparing nitrosyl fluoride, namely, by decomposition of a mixture of 
nitrosonium pyrosulfate and potassium fluoride. 


2. A procedure was developed for preparing large amounts of nitrosyl fluoride by continuous gas-phase 


fluorination of nitric oxide. 


3. The corrosive action of liquid nitrosyl fluoride on some metals and alloys was studied. The most cor- 
rosion-resistant materials are electrolytic nickel and chromium—nickel steel 1Kh-18N-9T. 
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The present work was carried out to obtain the thermochemical data required for calculation of the thermo- 
dynamic equilibrium of the catalytic dehydrogenation of ethylpyridine to vinylpyridine. 


—H 
——> CoH,NCH=CH, 


In recent years, vinylpyridines (especially 2-vinylpyridine) have found increasingly wide application in 
the national economy in the production of synthetic rubber, acrylonitrile fiber, ion-exchange resins, and other 
high-molecular compounds, There are no thermodynamic data in the literature for 2-vinyl- and 2-ethylpyridines. 


EXPERIMENTAL 


The heats of combustion were measured in an original calorimeter, which was a modification of the iso- 
thermal apparatus described by Coopset al., [1]. In contrast to apparatuses used previously, in this calorime- 
tric apparatus the liquids both in the calorimeter and in the jacket were stirred with centrifugal stirrers fixed in 
the lid of the calorimeter and under the calorimetric vessel. There were additional nickel-plated brass cylinders 


in the calorimeter and the jacket, which divided the volume into two parts and improved the equalization of the 
temperature of the calorimetric liquid and that of the jacket. 


The combustion was carried out in a calorimetric bomb designed in the V. F. Luginin Thermal Laboratory 
of Moscow State University [2]. The procedure for measuring the heats of combustion of substances was described 
in detail in the work of Skuratov, et al., [3]. The thermal value of the calorimeter was determined with an ac- 
curacy of 0.02-0.03% by combustion of standard benzoic acid obtained from the D. I. Mendeleev All-Union 
Scientific Research Institute of Metrology. The isothermal (20°) heat of combustion of the benzoic acid was 
taken as equal to 6324 cal per gram, weighed in air with brass weights. The temperature of the calorimeter was 
measured with a calorimetric thermometer of the rod type with 0,01° divisions, placed in the space between the 


cylinder and the calorimeter wall. Thermometer readings were taken with a telescope with an ocular micrometer 
with an accuracy up to 0,0003°, 


The substances were burned in thin-walled glass ampules described previously [4], which weighed 0.2- 
0.3 g and held 0.4-0.6 g of material. The combustions were carried out in a platinum crucible with a lid. The 
combustion of liquids is often accompanied by spattering and incomplete combustion [1, 5, 6], which makes it 
necessary to carry out a large number of preliminary experiments to determine the most suitable combustion 
conditions (choice of type of glass for ampules, weight and degree of filling of them, etc.). In the given case, 
the work was considerably complicated by the low stability of 2-vinylpyridine, due to its tendency to polymerize. 


As a result of this, the ampules were filled with 2-ethyl- and 2-vinylpyridine during the distillation immediately 
before combustion. 
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TABLE 1 


According to our data 


2-Ethyl- 148,7 (760) | 41,4975 | 0.9323 (20) 
pyridine 


According to literature data 
148,7 (752) {7} 1,4978 [8] | 0,9374 (17) [7] 
According to our data 


2-Vinyl- (14,5) 14,5500 | 0,9764 (17) 
pyridine 
According to literature data 


GO (17) [91 | 1.5497 [10] | 0,9770 (20) [12] 
1.5499 o757 (20) [10] 


Particular attention was paid to the purity of the starting compounds as it is very important in the accurate 
determination of the heats of combustion of substances. 2-Ethylpyridine was obtained by hydrogenation of 2-vinyl- 
pyridine over Raney nickel in alcohol at room temperature. 2-Vinylpyridine was obtained by condensation of 
a-picoline with paraformaldehyde and subsequent dehydration of the resulting alcohol over alkali. The starting 
materials were purified by repeated distillation on a fractionating column and the procedure was stopped when 
similar results were obtained for the heats of combustion. The physical constants of the compounds (boiling 


point, density, and refractive index) were checked each time and compared with literature data (Table 1.) The 
compounds were also analyzed optically. 


The heats of combustion were determined at 25°, Experiments in which incomplete combustion of the 
substances was observed were not used in the calculatidn as has also been done by other investigators [2, 13]. 
Coops et al., [1] reported that out of ahundred combustions of different hydrocarbons, 3%} of the experiments 
were unsuccessful, although hydrocarbons burn much more readily than nitrogen-containing substances. 


In calculating the results, we introduced the necessary corrections for heat exchange (according to the 
Renault —Pfaundler—Usov formula), for the heat of formation of nitric acid, for the heat of combustion of the 
ignition material, for the nonisothermal nature of the combustion process, and also a thermometric correction 
for the exposed mercury column. We introduced Washburn's correction [14], reducing the experimental value 
of the heat of combustion of an initial pressure of 30 atm to a pressure of 1 atm both for the reagents and for 
the reaction products, The heat of combustion of the iron wire used for ignition was taken as equal to 1793 cal/g 
[15] and the heat of formation of an aqueous solution of nitric acid from nitrogen, oxygen and liquid water was 
taken as equal to 13.81 kcal/mole [15]. The weight of the substance was reduced to the weight in vacuum. 

The results of determining the heats of combustion of 2-ethyl- and 2-vinylpyridines are given in Table 2. 


TABLE 2 The heats of combustion were determined with a 
relative accuracy (mean deviation of the experimental 
= results from the arithmetic mean) of 0.04-0,05%, 

AH Sig: Column 3 of Table 2 gives the change in enthalpy dur- 
kcal/ mole ing the isothermal (25°) combustion of the compounds 
.— _ investigated in the liquid state with gaseous molecular 
oxygen at a pressure of 1 atm with the formation as the 
reaction products of gaseous carbon dioxide and nitrogen 
935.0 and liquid water, also at a pressure of 1 atm. 


Compound 


Q in cal/g 


2-Ethylpyridine 
2-Vinylpyridine 


The heats of combustion obtained for 2-ethyl-and 
2-vinylpyridines were used to calculate the heats of formation of these compounds from the simple substances. 


The following values [16] were adopted for the heats of formation of COpgas and Oy¢: AHF (COpg) ° 
= 94.052 kcal/ mole; AH (HO; ,) = 68.317 kcal/mole. The heats of formation AH f for 2-ethyl- and 


| 
B.p. in 
Compound n20 d(C) 
P (pin mm Hg) D id 
~ 
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2-vinylpyridines equaled 0.69 and 75.05 kcal/ mole, respectively. The data obtained in this work may be used 
for calculating the equilibrium constant of dehydrogenation of 2-ethylpyridine to 2-vinylpyridine. 


In conclusion, the authors would like to thank S, M. Skuratov and M. P. Kozina for interest in and help 
with the work, 


SUMMARY 


1. The calorimetric apparatus of new design and the experimental procedure used satisfied contemporary 
requirements of thermochemical determinations. 


9 


2. The heats of combustion of 2-ethyl- and 2-vinylpyridines were determined and the heats of formation 
from simple substances calculated. 
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DEHYDROGENATION OF ALCOHOLS AND CYCLOHEXENE ON MnO 
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Academy of Sciences of the USSR 


Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 787-793, 1960 


Original article submitted September 16, 1958 


In the literature [1] it is reported that manganous oxide is a good catalyst of the ketonization of acids and 
promotes smooth dehydrogenation of alcohols (2]. In our laboratory we began for the first time a study of the 
kinetics of the dehydrogenation of alcohols on MnO [3]. This work is a continuation of previous work. 


EXPERIMENTAL 


The kinetic experiments were carried out in the usual flow apparatus adopted in our laboratory [3]. The 
gases liberated were collected at atmospheric pressure in an automatic gasometer of the Patrikeev system. The 


reactor temperature was maintained with an accuracy of 0.5° and was measured with a chromel—alumel thermo- 
couple by the compensation method. 


4 


The starting materials were carefully purified and had the following constants; cyclohexene; b.p. 81.5-82° 
(749.5 mm); n?°D 1.4465; 0.8100; cyclohexanol: b.p. 159-160°(753 mm); 0.9451; isopropyl alcohol: 
b.p. 81-81.5° (734 mm); 1.3782; d?°, 0.7855; acetone: b.p. 56° (752 mm), 1.3590; 0.7920. 


The catalyst, manganous oxide, was prepared by precipitation from manganese nitrate solution with sodium 
carbonate with subsequent decomposition of the manganese carbonate in a stream of nitrogen and reduction with 


hydrogen at 400°, We studied the kinetics of dehydrogenation of isopropyl alcohol, cyclohexanol, and cyclohexene 
on manganous oxide prepared in this way. 


Dehydrogenation of isopropyl alcohol. Experiments were carried out over the range 320-390°,. The gaseous 
reaction products consisted solely of hydrogen (Tables 1 and 2.) For calculating the rate constants of the reaction 
from the experimental values of m we used Balandin's solution of the general kinetic equation [4): 

. 1 
(SA, + + P(z-A, + In 


~(Zv, + , (1) 


When applied to the reaction studied 


i-CgH;OH CH sCOCHs He, 


where z; = 1; vy = 13 vg = 1; vg = 1 and P is large, the equation acquires the form 


k = (Z_-++-23) A, In —1)m, (2) 


m 


where k is the rate constant of the reaction, m is the number of moles of substance reacting in unit time (num- 
ber of milliliters of hydrogen liberated per min), A, is the number of moles of starting material entering the tube 


in unit time (number of milliliters of gas which would be formed by complete conversion of the starting material 
in 1 min), and z represents the relative adsorption coefficients. 
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TABLE 1 


Dehydrogenation of Isopropyl Alcohol (volume of MnO 16 ml; length of bed 
8 cm; input rate 0.126 ml/min, A, = 37.1 ml/min; eH, = 25.9 kcal/ mole) 


Temperature my, in my2calculated |Degree of 
in °C -mica from €=25,9 in | alcohol con- 
ml/min-ml cat | version in % 
0,211 2,975 0,248 9,15 
365 0,674 2,976 0,706 29,20 
330 0,220 2,969 0,218 9,54 i: 
350 0,431 2,970 0,427 18,65 E 
320) 0,149 2,970 0,154 6,45 
¥ 365 0,700 2,970 0,706 30,30 
320 0,144 2,976 0,154 6,22 
340 0,327 2,963 0,315 14,15 
350 0,441 2,969 0,427 19,40 
370 0,754 2,981 0,850 32,65 
360 0,628 2,969 0,615 28,40 
k -— 2,97 
Qayv = 5, 36-108; 
Ig Koay 
TABLE 2 7 
ehydrogenation of Isopropyl Alcohol (volume of MnO 20 ml; length of bed ; 
10 cm; input rate 0,131 ml/min; A, = 38.6 ml/ min; € = 25.4 kcal/mole) 
2 
Temperature my, in M42 calculated} Degree of 
in°C jm1/min- ml cat from €=25.4 in alcohol con 
| ml/ min-ml cat] version in % 


0,630 3,070 0,569 32,60 
351 0,218 3,080 0, 260 11,30 J 
377,5 0,523 3,080 0,490 28,70 4 
3505 0,230 3,070 0, 260 11,90 
344.5 0, 168 3,090 0,172 8,75 
371 0, 408 3,086 0,338 21,20 E 
387 ,5 0,643 3,110 0,669 33,30 
361 0,275 3,110 0, 285 14,50 ‘a 
$82.5 0,514 3,108 0,569 27,70 
353 0,199 3,112 0,226 10,35 tes 
379 0,500 3,106 0,519 25,90 
3,09 
The relative adsorption coefficients were determined from experiments with mixtures of the reagent with 2 
one of the reaction products and the calculation was carried out by a simplified method by formula (5) oo 
My 
100 
——1 
where mp is the number of milliliters of H, formed during passage of the pure substance; m is the number of 
milliliters of H, formed during the passage of a mixture with a molar content P. 
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TABLE 3 


Relative Adsorption Coefficients of Acetone 


Alcohol con- 
tent of mixture, mH, in ml 


fo 


Temperature 360° 


7,66 
3,47 
7,66 
5,40 
7,20 
7,80 
3,90 
7,45 
5,26 
3,21 


5,70 


999 


1,240 


| Alcohol con- 


jtent of mixture, “"H, 


50, 25 
100 
50,25 
100 
74,80 


in ml 


Temperature 380° 


13,50 
5,60 
13,50 
9,00 
13,22 
5,48 
13,22 
5,50 
12,23 
8,95 


1,440 


1,475 


1,442 

1,435 

1,420 
Zay == 1,442 
2... = 1,565 


Zav 231 av 


= | 


Temperature 370° Temperature 390° 


10,00 
4,40 
0.90 
4,25 

10.20 
7.00 


1,300 


1,350 


100 
50,25 
100 
74,80 
100 
74,80 
100 
74,80 
100 


18,46 

7,38 
18,40 
11,94 
18,80 
12,15 
18,21 
11,83 
18,35 


1.530 
1.537 
1,570 


1,590 


1,530 
Zav 1,570 
2’ = 1,93 


50,25 


7,35 


Together with zy, Tables 3 and 4 give z",, 


_ i.e., the average values of z calculated by the accurate 
method of Balandin [6] from the formulas: 


(rity - amy) (t — a) — (mg my) (Ss — 2) 


s)(t—a)-—(e -— t)(s —a) 


- —9 — (a — — 9) 
t)(s — a) 


where 


s) (t--a)- 


a -N,In l 


: 
| 
50,25 1,234 50,25 | 
100 om 100 
74,80 1,234 74,80 
50, 25 1, 230 
50,25 1,225 
74,80 = 
50,25 
100 = 
50,25 
100 — 
74,80 1,310 
| and 
My 
( i— }- Mg 
} 
1 --- P; my 
t= Ns, ( Ps - \In | ) 
: Here v is the stoichiometry coefficient, Nj is the input rate of the corresponding substance in ml/min, Pj is the ae) 


TABLE 4 


Relative Adsorption Coefficients of Hydrogen 


Alcohol content Alcohol con- | my;2 in ml 
of mixture in % tent of mixtur 


in % 


Temperature 360° Temperature 380° 


100 7,66 100 13,50 
03,60 6,00 \ 93,60 11,00 
100 7,20 100 13,50 
53,60 5,80 0,335 | 58,25 11,50 
100 7,80 100 13,22 
58,25 6,16 0,309 53,60 10,90 
100 7,45 — 100 13,22 
53,60 5,80 0,330 53,60 10,90 
100 8,21 — | 100 13,23 
98,25 6,70 0,316 08, 29 11,30 
100 7,61 


6,20 z/av — 0,160 


Temperature 370° | Temperature 390° 


10,00 — | 100 18,80 
8,25 0,295 | 98,25 16,30 
9,90 100 18,21 
8,30 0,270 | 53,60 15,30 
10,20 100 18,46 
8,05 0,280 i 58,25 15,90 
= 0, 280) 100 18,40 

0,212) 58, 25 16,00 

| 100 18,35 

53,60 18,45 0,218 
Zay = 0,035 


alcohol content of the corresponding mixture in percent, and m, is the number of ml/ min of H, liberated during 
the passage of the corresponding mixture. 


The first series of experiments was for determining the apparent activation energy. The experiments were 
carried out on two portions of catalyst. The data from these experiments are given in Tables 1 and 2 and Fig. 1. 


The activation energy was calculated from the Arrhenius equation from the relation of log MH, (my, is the number of 


milliliters of H, at n.p.t. liberated per min) to 1/ T and we obtained the values €H, = 25.9 kcal/mole and 
25.4 keal/ mole. 


Dehydrogenation of cyclohexanol. According to the multiplet theory of catalysis, during dehydrogenation 
a molecule of cyclohexanol must be disposed on an active center the same as a molecule of isopropyl alcohol. 
The reaction was carried out over the range 370-430°, The gaseous products consisted solely of hydrogen. The 
experimental results are given in Table 5 and Fig. 2. The activation energy €H, = 24.5 kcal/ mole. 


Dehydrogenation of cyclohexene. According to the multiplet theory of catalysis [7], cyclic hydrocarbons 
are dehydrogenated on oxide catalysts by a rib mechanism. This reaction was carried out at 460-500°, Cyclo- 
hexene is not decomposed thermally in an empty tube at these temperatures. The gaseous reaction products 
consisted solely of hydrogen. The absence of irreversible catalysis over manganous oxide was demonstrated by 
spectral analysis (absence of cyclohexane from the catalyzate) and sulfonation of the liquid catalyzate. The 
results are given in Table 6 and Fig. 3. The activation energy €H, = 32.0 kcal/ mole. 
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Fig. 1. Dehydrogenation of iso- Fig. 2. Dehydrogenation of Fig. 3. Dehydrogenation o 
propyl alcohol. cyclohexanol. cyclohexene. 


TABLE 5 


Dehydrogenation of Cyclohexanol (volume of MnO 16 ml; length of bed 8 cm; rate 
0.131 ml/ min; A, = 27.9; €H, = 24.5 kcal/ mole) 


my, in | Degree of con- 
version of 


alcohol in % 


Calculated 
from €=24,5 in 
ml/min: ml cat 


Temperature 
in °C 


ml/min. ml cat ! 


> 
e 


4205 0,606 3,24 0,546 34,9 
476 0,212 3.23 0,178 
‘ 432.3 0,754 3,28 0,815 44,5 
302 0,294 3,29 0,276 16,8 
0,458 3,26 0,458 26,4 
306 0,321 3,26 0,317 18,5 
0,322 3,20 0,310 18,5 
431 0,699 3,29 0,797 | 
390 0, 28% 3,25 0,270 16,3 
0,596 3,28 0,662 34,3 
131 0,727 3,28 0,797 41,8 
0,651 3,26 0,662 37,6 
3795 0,219 3,25 0,200 12,6 
377 1,196 3,25 0,183 11,1 
0,570 3,23 0,605 | 32,8 
392 5 0,268 3,24 0,289 15,5 
0, 480 3,27 0,503 27,6 
3,241-10 Tg Fray =3,26 


DISCUSSION OF EXPERIMENTAL RESULTS 


Tables 1, 2, 5, and 6 give the values of m for the dehydrogenation of isopropyl alcohol, cyclohexanol, 
and cyclohexene found and calculated from the Arrhenius equation for €H, = 25.9 and 25.4, 24.5, and 32.0 kcal 
per mole, respectively. From the values of the logarithm of the preexponential term, calculated by the formula: 


Ig k, = —t.+-Igm 
4,077 
we determined the preexponential terms kpay and the reciprocal values of the scattering parameter . . 
log Koay 


The relative adsorption coefficient of hydrogen was found to be small and fell from 0.322 to 0.217 with a rise 


in temperature. On the other hand, the relative adsorption coefficient of acetone rose from 1.230 to 1.570 with a 
a rise in temperature. <. 


8 

4 
| | 


TABLE 6 


Dehydrogenation of Cyclohexene (volume of MnO 16 ml; length of bed 8 cm; input 
rate 0.433 ml/ min; A, = 96.0; ey, = 32.0 kcal/ mole) 


Myy, in ‘ calculated | Pestee of con- 


in °C ml/min: ml cat | Clohexene in % 


0,075 0,0757 
0,231 0, 2395 
0,133 0,1378 
0,237 0, 2395 
0,150 0, 1378 
0,106 0, 1022 
0,175 0, 1819 
0,075 00757 
0,144 0, 1378 
0,100 0, 1022 


= 3,80 
Ig Koay 


TABLE 7 


Thermodynamic Functions 


AHin | AF ! As in AH AF AS in 


Tem 
in cal/ deg in cal/deg - 
al/mole|. mole in al/mole|cal/mole| mole 


Isopropyl alcohol—acetone Isopropyl alcohol—hydrogen 
6850 | —2610 j —11650 1420 
6850 —3760 ‘ — 11650 1615 —2,06 
6850 -11650 1820 00 
6850 —5940 ‘ —11650 2005 —2, 06 


Determination of the relative adsorption coefficients and their temperature dependence in the case of 
isopropyl alcohol made it possible to use the method given previously [8] to calculate the change in free energy 


AF, heat content AH, and entropy AS occurring during the displacement of isopropyl alcahol by acetone and 
hydrogen from the active centers of the catalyst: 


AF =—RTInz, AH = 4% (le Ig 2s) 


The results obtained are given in Table 7. The true activation energy (€;, = 31.9 kcal/mole) determined in the 


case of isopropyl alcohol from the relation of log k to 1/T was found to be 6 kcal higher thanthe apparent 
activation energy (€};, = 25.9 kcal/ mole.) 


SUMMARY 


1, The kinetics of dehydrogenation of isopropyl alcohol, cyclohexanol, and cyclohexene on manganous 
oxide were studied. 


2. The relative adsorption coefficients of acetone and hydrogen and their temperature dependence during 
the dehydrogenation of isopropyl alcohol were determined. 
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480 2,02 
900 3,66 
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, 
470 1,73 
490 2,69 
AG 
460 1,16 
480 224 
he ay = 2,63: 108; 
Temp. 
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3. The activation energies of dehydrogenation of isopropyl alcohol, cyclohexanol, and cyclohexene were 
determined. 
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SORPTION OF NITROGEN AND BENZENE VAPOR 
BY A TUNGSTEN SULFIDE CATALYST 
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N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 794-800, 1960 

Original article submitted November 20, 1960 


The physical adsorption of vapor is usually used for studying the porous structure of catalysts. The low- 
temperature adsorption of nitrogen vapor is used as a standard method at the present time [1]. Nonetheless, a 
number of investigators consider it convenient to use for this purpose the adsorption of benzene or n-butane 
vapor at room temperature or 0° [2-4]. In most cases, the values found for the surface and porosity by means 
of nitrogen and benzene agree well. However, as Beeck [5] showed, even at low temperature nitrogen may be 
chemisorbed on some metallic catalysts. Other adsorbates used for determining porous structure apparently are 
capable of forming chemical compounds with the surface of some catalysts under certain conditions. 


One criterion of chemisorption is the irreversibility of the initial sections of the isotherms of primary 
adsorption and desorption. Thus, for example, Kiselev et al., [6] and also Topchiev and Ballod [7] observed 
clear hysteresis in the initial regions of the isotherms for the adsorption of methanol on silica gel and alumina. 


The authors suggested that the appearance of hysteresis was caused by the formation of surface esters due to reac- 
tion of adsorbed CH,OH molecules with hydroxyl groups of the surface. 


EXPERIMENTAL 


In the present work we investigated the adsorption of nitrogen at -195° and of benzene vapor at 20° on a 
tungsten sulfide catalyst. The tungsten sulfide was obtained by decomposition of ammonium sulfotungstate at 
400° under industrial conditions [8]. Four samples from different portions were investigated in the work. Ele- 
mentary analysis showed the different ratio of components in the test samples. Chemical analysis data are given 
in Table 1. Samples 10 and 12, in contrast to samples 3 and 4, were taken after they had been used for industrial 
vapor-phase destructive hydrogenation of high-boiling oils and therefore the high carbon content of samples 10 
and 12 may be ascribed to the deposition of coke. The analysis showed that elementary nitrogen was absent from 
all the. samples investigated. It should be emphasized that for analysis we used samples that had undergone 
thermal evacuation under conditions analogous to the preliminary treatment before adsorption experiments. 


The adsorption investigation was carried out in vacuum apparatuses with the aid of McBain and Bakr quartz 
spring balances. Mercury seals were used instead of taps in the adsorption apparatus used for studying the adsorp- 
tion of benzene vapor. The sensitivity of the quartz balances was on an average 2 mg/mm. The extension of 
the balances during adsorption was determined with an accuracy of up to 0,01 mm. Before adsorption experiments, 
the samples were evacuated to constant weight for 36 hr in high vacuum at 400°, In the case of benzene vapor, 
adsorption equilibrium was established slowly (over a period of 6-12 hr.) After desorption at 0.01 mm and 300°, 
the weight of samples 10 and 12 had decreased somewhat (by 0.5%) and the samples apparently contained inclu- 
sions that were extracted by benzene in the absence of air and foreign gases. 
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TABLE 1 


Chemical Composition of Samples Investigated in Weight,% 


lo(by dif-| w 
|ference) | (atomic) 


04 06 86 


Fig. 1. ssotherms for nitrogen vapor adsorption (©) and desorption 
(@) at -195° on samples 3,4, 10, and 12. 


The specific surface s, diameter d, and total volume Vs of the pores of these samples were determined 
from data on the adsorption of nitrogen at -195°. The isotherms for nitrogen vapor adsorption are shown in 
Fig. 1. This figure shows that the isotherms obtained are characterized by a sigmoid form and wide hysteresis 

extending over practically the whole region of relative pressures p/p,. In the initial region there was a steep 

tise in the isotherms and then the isotherms rose almost linearly right up to saturation, corresponding to filling 
of the total volume of the pores. The predominating diameter of these pores was estimated (without a correc - 
tion for the thickness of the adsorption layer) from Kelvin's equation for the desorption branch of the isotherm. 


The total volume of the pores V, was calculated from the volume of liquid nitrogen absorbed by the 
catalyst at p/p, close to 1. The amount of adsorption a,, corresponding to the formation of a complete mono- 
layer was calculated by the BET method for the adsorption and desorption branches of the isotherm. The area 
occupied by one nitrogen molecule was taken as 16.2 A’. Figure 2 shows the applicability of the BET equation 
to both the adsorption and desorption of nitrogen vapor over the p/p, range from 0.05 to 0.35. The values of 
s,d, and V, calculated from the nitrogen sorption isotherms are given in Table 2. 


Figure 3 gives the isotherms for adsorption and desorption of benzene vapor on the same samples of WS, 
catalyst. The isotherms obtained are also characterized by a sigmoid form and irreversibility of the adsorption 
and desorption branches; a sharp fall in the desorption branch was observed at p/p, = 0.2-0.3, This fall on the 
isotherms evidently may be interpreted on the basis of the theory of capillary condensation as sudden evapora - 
tion of liquid from the pores of the catalyst. We used Kelvin's formula to calculate the diameters of these pores. 
The values of these diameters, without a correction for the thickness of the adsorption film, are given in Table 2. 
The total volume of the pores V,, according to data on CgHg adsorption, was determined from the amount of 
benzene adsorption at a relative pressure of 0.95. The value a,, of the capacity of the monolayer of adsorbed 
benzene, as for nitrogen, was calculated graphically by means of the BET equation; the area occupied by one 
C.gH, molecule was taken as equal to 42 A? [9]. 


Figure 4 gives the initial regions of isotherms for the adsorption and desorption of benzene vapor in the 
coordinates of the BET equation. As Fig. 4 shows, the BET equation applied to the adsorption branch over a 
wider range to relative pressures (from 0,05 to 0.33) than in the case of desorption, for which the upper limit 
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Fig. 2. Isotherms for nitrogen adsorption (©) and de- 
sorption (@) in the coordinates of the BET equation. 


mmole/g mmole/g 


Fig. 3. Isotherms for the adsorption (©) and desorption (@) of 
benzene at 20° on samples 3, 4, 10, and 12. 


of applicability of this equation was considered to be about p/p, = 0.20 due to the sudden capillary evaporation 
of benzene occurring at p/p, 9.30-0.20. Thus, from both Fig. 2 and Fig. 4 it follows that the BET equation is 
formally applicable to the sorption of both adsorbates when the adsorption and desorption isotherms do not 
coincide. It seemed interesting to calculate s both from adsorption and desorption data. These values are given 
in Table 2. This table shows that the values of s calculated from the two branches of the isotherms differ little 
from each other. Consequently, in approximate calculations of specific surface it is possible to use either ad- 


sorption or desorption data when sorption is irreversible. 
DISCUSSION OF EXPERIMENTAL RESULTS 


The data in Table 2 indicate that experimental data on the adsorption of nitrogen and benzene vapor lead 
to similar values for the surface and porosity. The best agreement was obtained for the calculated predominant 
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TABLE 2 


Total vol. |Probable 


of pores V, |diameter of 
pores din A 


Sample |in cc/g 
i No. 


0,057 | 0,064 
0,059 | 0,058 
0,048 | 0,063 
0,033 | 0,070 


_ __ 
2 a(1- Dips) 


Structural Characteristics of Catalyst Samples Investigated 


Specific surface s in m*/g 


adsorption desorption 


CH, 


pore diameters d, which were approximately equal to 
30 A (without a correction for the thickness of the ad- 
sorption layer) for all the WS, catalysts investigated. 


If a correction is introduced for the thickness of the layer 
adsorbed at the beginning of capillary condensation (7 A 
for benzene and 10 A for nitrogen,) the corrected values 
of d are in very good agreement. It should be noted that 
sample 3 was still found to have finer pores than the 
other samples (see Table 2.) 


For the starting samples 3 and 4 there was close 
agreement between the values of the total pore volume 
V,, while in the case of used catalysts (samples 10 and 
12,) the values of V, obtained from data for the adsorp - 

Fig. 4. Isotherms for benzene adsorption (©) and = 
wens data show that during industrial destructive hydrogenation 
there is probably, on the one hand, coarsening of the pores 
and on the other, deposition in the pores of high-molecular 
byproducts, which absorb benzene, but not nitrogen during adsorption experiments. An analogous pattern may be 
‘2 obser ved on examining the specific surfaces of the WS, catalysts studied. Table 2 shows that in the case of sam- 
ples 3 and 4, the specific surface s calculated from low-temperature adsorption of nitrogen differed by approx - 


imately 10% from the value of s calculated from benzene vapor adsorption. Moreover, the difference in the 
values of s for the used catalysts was much greater. 


42 AI Mp Qs Ups 


In comparing the specific surfaces calculated from data on nitrogen and benzene adsorption, we did not 
consider yet another possible reason for the difference in the values of s, namely, the inaccuracy in the choice 
of the values of wo, i.e., the area occupied by a benzene molecule. Kiselev and one of the authors of the present 
article [10] established that the molecular area of a number of hydrocarbons used in calculations of specific sur- 
face is not a constant value but depends on the nature of the surface and the porous structure of the catalyst. 
Since this value for benzene varies over a wide range, depending on the nature of the surface, one may attempt 


to estimate this value for the given samples form the formula 


s 


N 44, 


m 


where sag is the specific surface calculated from data for nitrogen vapor adsorption, Na is Avogadro's number, 
and a‘, is the amount of benzene adsorption corresponding to the formation of a solid monomolecular layer. 
The value of a‘, was determined graphically (Fig. 4.) The value of w was calculated analogously from the 
desorption branch of the isotherm. In these calculations it was assumed that the whole of the surface accessible 
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TABLE 3 to small nitrogen molecules (molar volume 34.8 cc/ mole) was 
accessible to comparatively large benzene molecules (molar 
volume 89 cc/ mole) and that the absorption (solution) of 


Molecular Areas and Chemisorption of 


Densene benzene occurred only at high relative pressures, while absorp- 
seni) ; N, 10°" tion of nitrogen was absent at liquid nitrogen temperature. 
ple tes’ w,” |X in enh oitins These values are given in Table 3. This table shows that the 
ha A? - A ‘isa per m? pairs of values of wo'and wo” were similar for all the catalysts studied. 


——— However, in the case of used catalysts, these values were ap- 

3 38 38 0,02 preciably less than the corresponding values for the starting 

4 47 47 0,03 samples. The latter circumstance also indicates the high sorp- 

10 36 31 0,06 

12 4 03 0.07 § tion of benzene by used catalysts in comparison with nitrogen. 
Since the predominant pore diameters were approximately the 
same for all samples, we apparently cannot explain the dif- 

ferences in s for the samples studied by means of porosity. The main reason for both the differences in the values 
of Wy and the irreversibility of sorption is probably chemisorption caused by reaction of surface groups of the 
catalysts and adsorbed molecules of benzene and even nitrogen. Various authors [11-13] have previously demon- 
strated the possibility of the formation of surface complexes by the reaction of aromatic hydrocarbons and acids 
(including catalysts of the acid type such as aluminosilicate and silica gel.) However chemisorption hysteresis, 
i.e., hysteresis in the initial, purely adsorption region, has not been reported for the adsorption of benzene on an 
aluminosilicate catalyst or silica gel. Consequently, there is stronger binding of the adsorbed molecules with the 
catalyst surface in the sorption of benzene and nitrogen on a WS, catalyst. Table 3 also gives the amounts of 
chemisorption of benzene per g of catalyst (x) and per unit surface (Nx). The value of x was found from the dif- 
ference of the amounts of desorption and adsorption at relative pressures corresponding to monomolecular filling 
ee in the adsorption process. In essence, the value x apparently characterizes the slow activated stage of chemisorp- 
ce tion and absorption since rapid chemisorption can also occur at low pressures. Consequently, in the case of sam- 
ples 10 and 12 the high values of x and Ny also indicate the probable absorption of benzene in the high-molecular 
deposits on the catalyst. Since the tungsten sulfide catalyst samples investigated contained various impurities 

(up to 3-5%,) which could not be removed by thermal treatment in high vacuum, it is as yet difficult to explain 


the mechanism of nitrogen and benzene chemisorption. It is necessary to study the sorption of these substances 
on pure WS». 


~I = to 


The catalyst samples were analyzed by co-workers in the analytical laboratory of our institute and the 
authors would like to thank them for this. 


SUMMARY 


1. We studied the sorption of nitrogen vapor at -195° and benzene vapor at 20° on unused and used industrial 
WS, catalyst differing in chemical composition, which had first been evacuated at 400°, 


2. Under the conditions of the adsorption experiments there was irreversible sorption of both nitrogen and 


ial benzene on the WS, catalyst. 


3. Despite the presence of irreversible sorption, the structural characteristics of the unused catalysts de- 


termined from the adsorption of benzene were close to the corresponding characteristics calculated from the a 
adsorption of nitrogen. 


4. From a detailed comparison of data on the sorption of nitrogen with data on the sorption of benzene it 


—_ was established that the high sorption of benzene on used catalysts was caused by absorption of CgHg by coking 
i products present in the pores. 
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SEPARATION OF NIOBIUM AND TANTALUM 


BY ADSORPTION — COMPLEX -FORMA TION CHROMA TOGRA PHY 


L. S. Aleksandrova and K. V. Chmutov 


Institute of Physical Chemistry, Academy of Sciences of the USSR 

Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5 
pp. 801-805, 1960 

Original article submitted November 17, 1958 


Niobium and tantalum almost always accompany each other in crude ore as ore concentrates are mainly 
titanotantaloniobates or niobotantalates of alkali, alkaline earth, and rare earth metals. Due to the similarity 
in the properties of chemical compounds of niobium and tantalum, their separation is a complex problem. The 
commonest pentavalent compounds of niobium and tantalum, which are readily hydrolyzed in most cases, form 


colloidal precipitates, readily replace each other in chemical compounds, and form stable and soluble complexes 
with tartaric, oxalic, citric, and hydrofluoric acids. 


There are many methods for separating niobium and tantalum, but up to now the method proposed by 
Marignac [1] is the commonest industrial separation method. It is based on the different solubilities of complex 


fluorides of tantalum and niobium and makes it possible to obtain tantalum of a high degree of purity. In the 
separation method proposed by Schoeller [2], tantalum is separated from niobium by making use of the differ - 
ence in the conditions for the formation of tantalum and niobium adsorption complexes in dilute acid solutions 
of tannin. Purification of tantalum is achieved by repeated fractional precipitation of the tantalum with tannic 
acid. The method makes it possible to isolate the sum of the pentoxides of the earth acids in a pure state, but 
does not always give complete separation. This method was partly simplified by Cunningham [3] and also 
Chernikhov and Vendel'shtein [4]. The method was substantially developed by Bykov [5, 6]. 


In addition to analytical and extraction methods, attempts have been made to apply chromatography to 
the separation of niobium and tantalum. Thus, for example, Burstall [7] successfully used ketones for the separ- 
ation of earth acids by distribution chromatography. The method was further examined and refined by 
Chastukhina [8}. Cabell and Milner [9] and also Kraus and Moore [10] separated niobium and tantalum with a 
chromatographic column of the resin “Deocite FF" and "Dowex-I." Belekar and Athavale [11] separated niobium 
and tantalum by precipitation with o-hydroxyquinoline in tartaric acid media at appropriate pH values. Majumdar 
and Mukherjee proposed p-benzoylphenylhydroxylamine as a precipitant [12]. Alimarin, et al., [13, 14] estab- 
lished that tantalum and niobium are precipitated by arsenous, hypophosphorous, and phenylarsonic acids from 
solutions containing tartaric or citric acids in the presence of mineral acid. In oxalic acid solution containing 
excess mineral acid, hypophosphorous, arsenous, and phenylarsonic acids give precipitates with tantalum alone 
and niobium remains in solution. On the basis of these investigations, a method was proposed for the isolation 


of earth acids with phenylarsonic acid and also the separation of these elements with sodium hypophosphite and 
phenylarsonic and benzenetelluric acids. 


All these methods are effective in general; their drawbacks are the colloidal nature of the solutions and 


precipitates, the large number of operations, and the need for corrosion-resistant equipment (in the case of work 
with hydrofluoric acid.) 
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Sorption of Niobium and Tantalum on Charcoal Containing Phenylarsonic Acid 
(static conditions, charcoal sample 1 g, amount of solution 10 ml) 


Cy, in moles Seq in moles ! Amount in mg ‘caption 

Element Pet liter of ‘per liter of jin starting jin equilib- in % 
| M,G5 ‘solution —_fium solution 


Nb 0,62-10-" 0,14 -40-9 1,650 | 0,3830 76,9 
Nb 0,341-10-9 0,15 0,824 | 0,3970 51,8 
Ta 0,26-10-* 0,017- 40-3 1,180 0) 93,3 
Ta 0,13-10-8 0,004-10-" 0,599 0,0018 99,7 
Nb 0,15-40-9 0 ,040-10-8 0,414 | 74,6 


Ta 0,07-10-" | 0,001-10-3 0,305 00054 98 ,2 


mg in 


= Starting amt. of Nb and Ta In our investigations on the separation of a pure 
of mixture of niobium and tantalum pentoxides, we used 
adsorption—complex -formation distribution chromato- 
ws / graphy proposed by Gapon and Gurvich [15]. The 
; method is based on the use as a carrier of substance 
a0} / which adsorb in the column compounds of the cations 
; to be separated with the reagent mixed with the carrier 
60 or adsorbed by it. The method makes possible the 
complete separation of a series of cations and anions 
Fig. 1. Output curves for niobium (1) and tantalum of metals with very similar chemical properties. 
(2): 0-75 ml starting solution 4% (NH,)gC,0, + HCl + 
+ M,Og; 75-175 ml washing solution 4% EXPERIMENTAL 


(NH4)eC,0, + HCl; t 95°; v ml/hr. Total pentoxides 


in starting mixture 6.018 mg. As a carrier we used DAUKh grade charcoal and 


as the precipitants, phenylarsonic acid, tannin, and 
o-hydroxyquinoline. The charcoal was first sieved to 
remove dust, washed with 3 N hydrochloric acid until there was no iron ion in the filtrate, washed free from excess 
hydrochloric acid, saturated with one of the precipitants, and dried. For determination of the maximum amount 
of precipitant adsorbed, 1-g samples of charcoal were placed in conical flasks and covered with precipitant solu- 
tions of various concentrations. The flasks were shaken for 5-6 hr and the supernatant solution then analyzed. 

For determination of the maximum amount of tannin completely sorbed. by the charcoal, the flasks were heated 
on a water bath for 4-5 hr with continuous stirring. It was established that 1 g of charcoal sorbs 0.2 g of tannin 
0.24 g of phenylarsonic acid, and 0.2 g of oxine. The dried charcoal was checked for elution of the sorbed sub- 
stances by shaking with water for 2-3 hr. 


With phenylarsonic acid as the precipitant sorbed on the charcoal, some preliminary experiments were 
carried out to determine the conditions for coprecipitation of niobium and tantalum and separate precipitation 
of niobium and tantalum. With tantalum and niobium in tartaric and citric acid media in the presence of excess 
mineral acid, phenylarsonic acid forms a sparingly soluble complex compound with the composition 
[RpO4CgHgA sOz)o JH; in an oxalic acid medium in the presence of mineral acid, a precipitate is formed by tan- 
talum alone and niobium remains in solution. Excess of the precipitating agent is needed for complete precipita - 
tion. The hydrochloric acid concentration has no appreciable affect over the range 0.3 to 3 N. 


The amount of niobium and tantalum pentoxides in the solutions investigated was such that there was excess 
precipitating agent on the charcoal. Samples of the pentoxides were fused with a fivefold excess of potassium 
pyrosulfate in a platinum crucible and the cooled melt dissolved in 50 ml of 4% ammonium oxalate on a water 
bath. The clear solution was diluted to 100 ml with 4% ammonium oxalate solution and hydrochloric acid. The 
acidity of the solution with respect to hydrochloric acid did not exceed 1 N. The absolute concentration of the 
solutions was determined colorimetrically with pyrogallol [16]. 


The relative concentrations of the starting (c,,) and equilibrium (Ceq) solutions were measured by a tracer 
method with *Nb and '’Ta. A tracer with a known specific activity was added to the starting solution; from 
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Fig. 2. Output curves for niobium (1) and tantalum (2): 
0-100 ml starting solution 4% (NH4)gC,04 + HCl + M,Os; 
100-200 ml washing solution 4% (NH4)gC,0, + 
200-300 ml washing solution 5% KOH; t 95°; v 40 ml/ hr. 
Total pentoxides in starting mixture 24.02 mg. 
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Fig. 3. Output curves for niobium (1) and tantalum (2); 0-100 ml starting 
solution 4% (NHy)gC204 + HCl + MgO; 100-250 ml washing solution 4% 
(NHy)2C,04 + HC1; 250-550 ml washing solution 7% C,O,4H,; t 95°; v 40 ml 
per hr. Total pentoxides in starting mixture 25.00 mg. 


the distribution of activity between the phases of the reaction mixture it was possible to determine the complete - 
ness of precipitation. A definite volume of the starting and equilibrium solution was deposited on a tracing - 


paper backing. After the sample had been dried, the activity was measured with an end-window counter. All 
calculations were for niobium and tantalum pentoxides. 


A 1 g sample of charcoal with the precipitant was placed in a conical flask and shaken with the test solu- 


tion for 4-5 hr. The solution was then filtered and analyzed. The results of these investigations are given in 
the table. 


Experiments on the separation of niobium and tantalum were carried out on a column with a porous bottom. 
The column length was 250 mm and the internal diameter 12 mm. Ten grams of charcoal was first wetted with 
50 ml of a mixture of solutions of 4% ammonium oxalate and hydrochloric acid (acidity of solution, 0.65) and 
transferred as a suspension to a column, heated to 95° with a water jacket. To prevent the charcoal bed from 
expanding in the column during heating, the charcoal was compressed from above with a porous glass disk. 
Through the column was passed 100 ml of the mixture investigated. Equal amounts of niobium and tantalum 
were taken. The total concentrations of niobium and tantalum were 8, 25, and 50 mg per 100 ml, respectively. 
The filtrates from the column were collected in 10 ml flasks. The solution filtration rate was 40 ml/hr. Two 
parallel experiments were carried out simultaneously. In one case, the mixture of niobium and tantalum contained 
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niobium labeled with °5Nb and in the other case, tantalum labeled with Ta, The output curves of the two 
elements were then plotted on one graph. 


As Figs. 1-3 show, niobium was hardly retained and passed into the filtrate. Elution of the niobium “tails” 
from the column required 100-150 ml of a mixture of 4% ammonium oxalate and hydrochloric acid. The filtrates 
from the column were passed directly into a radiometric flow cell with an AS-1 counter. The tantalum was 
eluted from the column with 5 and 10% solutions of potassium hydroxide and also 7% oxalic acid solution. 

Figures 1 and 2 give the output curves (for columns saturated with phenylarsonic acid) of niobium and tantalum 
for different amounts of them in the mixture investigated and also the partial elution of tantalum with 5% potas - 
sium hydroxide solution, Elution with alkali was quite inadequate as it was possible to remove only 25-30% of the 
tantalum from the column. Better results were obtained by using 7% oxalic acid as the eluent (Fig. 3). Figure 3 
shows the separation of a mixture containing 12.5 mg of Nb,O, and 12.5 mg of Ta,O,. The niobium was eluted 
completely and the tantalum partially and much more slowly. More than 350 ml of oxalic acid solution was 
required to displace 60% of the tantalum. The starting mixture, which consisted of 25 mg of tantalum and 25 mg 
of niobium in 100 ml of solution, was only partly freed from tantalum in passing through the column and the nio- 
bium emerging in the filtrate was contaminated with tantalum. Thus, the maximum amount of total pentoxides 
in a 1:1 ratio should not exceed 25 mg under the experimental conditions investigated. 


SUMMARY 


1, An adsorption—precipitation chromatographic method for separating niobium from tantalum on a 
column of activated charcoal saturated with phenylarsonic acid is described. 


2. A starting mixture, consisting of oxalate complexes of niobium and tantalum in the presence of hydro- 
chloric acid, was separated on a column of activated charcoal saturated with phenylarsonic acid. At 95°, the 
tantalum was completely retained by the column, while the niobium passed into the filtrate. 


3. Further development of this method with the use of new precipitants is promising. 
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KINETICS AND MECHANISM OF THE REACTION nas | 
OF ETHYL RADICALS WITH MOLECULAR OXYGEN : 
L. I. Avramenko and R, V. Kolesnikova 
Institute of Chemical Physics, Academy of Sciences of the USSR ian, 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, oe 
pp. 806-811, 1960 _ 
Original article submitted November 15, 1958 - 
Previous work of various authors [1-6] has been devoted solely to elucidating the mechanism of the reac- 2 : 
tion of ethyl radicals with molecular oxygen. The main purpose of the present investigation was to obtain in- ie 
formation on the kinetics of the elementary reaction of an ethyl radical with an oxygen molecule at constant . 
pressure. Problems of the mechanism are considered only in passing as previous work of ours was devoted to this oo 
[6]. It was shown in [6] that if the surface of the vessel was treated in a certain way, then in the volume the . 
reaction of C,H; with oxygen finally led to the formation of hydroperoxides, while the formation of ethylene E 
oxide and acetaldehyde occurred on the surface. In the present work the experiments were carried out in a vessel ‘ 
whose walls were covered with KCl. Under these conditions, practically the sole oxygen-containing product was s e 
hydroperoxide. As a basis, we adopted the following mechanism for the reaction of the ethyl radical. 7 
k 
Col 1. >Col 1,00— 
Cok 1,00H + R 
p 
Col I; Cal I; 
hy a 
——-> CH, + CH, 
quadratic destruction j 
Cos + wall jinear destruction 
k 
CoH; -+ CoH, —*. linear destruction 
C,H, -+ —--» linear destruction 
Measurement of the effective rate constant k for the reaction of C,H, with O, is possible by the method 
published previously [7]. According to this method, measurements of the rate of accumulation of ethyl hydro- i 
peroxide under flow conditions may be used to measure the absolute value of the constant k of the process: — 
x 
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If the process C,Hg + O, * + C,H,00 is bimolecular, we obtain the equation: 


(CoHs)o ky (Oa)o (CoHs)o 

where [C,H,OOH], is the final concentration of ethyl hydroperoxide, [C,Hs]p is the initial concentration of ethyl 
radical, 1/a is the fraction of the initial concentration of ethyl radicals consumed in forming peroxide, kg is the 
over-all constant of linear destruction of C,H, radicals; ky™ is the rate constant of quadratic destruction of C,H, 


radicals; k, is the rate constant of the formation of a peroxide radical in the bimolecular process, and (Oy) is the 
initial concentration of oxygen molecules. 


If the formation of the peroxide radical proceeds according to the law for termolecular reactions, we obtain 
the equation: 
[ko-+ Ry (CoHs)o] @ 


(GsHs)o Rs (M) (Oa)o (CaHs)o (2) 


where (M) is the concentration of the third particle and k, is the rate constant for the formation of a peroxide 
radical by ternary collisions. 


If both bimolecular and termolecular processes play a part in the formation of the peroxide radical, we 
obtain the equation: 


oer 


[Ro + ky (CoHs5)o] a 
(CallsOOH  (CaHs)o (M)} (CoHs)0 (3) 


1 
As can be seen, equations (1), (2), and (3) are linear equations if is plotted along the abscissa axis 


1 0 
and —-————— along the ordinate. Consequently, if the experiments are designed to obtain the relation of | 
[C,H,OOH}, 


the final peroxide concentration to the initial concentration of molecular oxygen, described by equation (1), (2), 
or (3), from the slope of this line and the intercept on the ordinate axis it is possible [assuming that the sum 
ko + ko™ (C2Hs)9 is known] to obtain the value k,, ky (M), or k = k, + Ky (M). 


The total value of the rate constants of the destruction of ethyl radicals ky + ko (C,Hs)) may also be 
measured. To determine the value of kp + ko™ (C,Hg)9 under flow conditions we used a method described in 
detail in previous work [8], which was devoted to determining the total value of the rate constants of the destruc - 
tion of oxygen atoms. On the basis of the mechanism scheme adapted for the reaction of an ethyl radical, ob- 
tained in a flow as a result of the bombardment of ethylene molecules with hydrogen atoms, it is possible to 


write the following equation, which is derived from the conditions for a stationary state in the flow without the 
input of oxygen: 


(Coy) WS = (Cos) dx + &,(CoHs) (Mu) S dx Sdx + 


+ (CH,) dx |ws (CaHs) (My) S dx 
x 


— ko (Cas) — 
Ox ‘ 


= + Mu) + 


ko" is the rate constant of C,Hg destruction on the wall, S is the cross-section area of the vessel, o is the peri- 
meter of the reaction vessel, ko"* is the rate constant for the reaction of C,H, with a hydrogen molecule in the 
volume, (M,) is the concentration of hydrogen molecules, w is the linear flow rate, kg” is the rate constant of 
the reaction of C,H, with ethylene, and (Mj,) is the ethylene concentration. 


i 
ae 
“a 
Aes 
: 
€ 
is 
mate 
(4) 
ay 
or 
where 
1 
156 


After integration of equation (5) we obtain an expression for the concentration of radicals as a function of 
distance in the form 

ko 

CH). 


Rox 


k, (Col 
(CoHs) x Ro ko P 


where (C,Hs)y is the concentration of radicals at a distance x. 


In the integration of equation (5), the concentrations of hydrogen (M,) and ethylene (M,;) are assumed to 
be independent of x. This is justified at low percent conversions. 
Equation (7) shows that in the general case the ratio Cares is an exponential function of x. In the par- 
ticular case when linear destruction of the radical is slight, i.e., when —_ < 1 and, consequently, when the 


function ekox/ nay be expanded into a series and the first two terms of the series used, equation (7) assumes the 
form: 


(Cok 
(CaHs) + 


\- [Ry | (CoH5)ol 
w 


(8) 


It is obvious that equation (8) is linear if x is plotted along the abscissa axis and the relative concentrations of 
the radicals along the ordinate. Consequently, if the experiment gives a linear relation between the relative 
concentration of radicals and the distance x, from the slope of the line it is possible to obtain the sum 


Ko + ko™ (CyHg)o, since according to equation (8), the slope of the line includes the value sought. By denoting * 
the angle of the slope of the line by 8, we obtain: 


ko 4- (CeHs)o 
w 


In the second particular case when linear destruction of radicals predominates over quadratic, i.e., when we have 
Ko” 
the condition —° 2Hs)o < 1, equation (7) assumes the form: 
0 
-=@, 
(10) 


In this case it is possible to obtain the linear rate constant of radical destruction kp. By taking logarithms of 
both parts of the equation, from equation (10) we obtain 


(Cok I5)o 0, 43kox 


Consequently, by constructing a graph of the relation between x and the value of log wae » according 
to (11), from the slope of the line we obtain the value of ky sought. . 
Only two particular cases have been examined here. Equation (7) was analyzed in detail previously [8). 
From this analysis it follows that the rate constants of radical destruction may also be determined with other 
ratios between linear and quadratic destruction. What has been stated above shows that to determine the rate 
constants of radical destruction experimentally under flow conditions on the basis of the method proposed, it is 
necessary to measure the relative concentrations of radicals at different positions in the reaction vessel. A 
graphical representation of the experimental results makes it possible to conclude from only one type of curve 
whether this or that form of radical destruction predominates and, in accordance with the form of the curve, to 
determine the corresponding rate constants of radical destruction. 
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EXPERIMENTAL 


To determine the over-all value of the rate constants of ethyl radical destruction we measured the relative 
concentrations of these radicals along the length of the reaction vessel. The relative concentration at each posi- 
tion in the reaction vessel where molecular oxygen was admitted was determined from the limiting rate of ethyl 
hydroperoxide accumulation at the end of the reaction zone. The validity of such measurements was based on 

the proportionality between the number of hydroperoxide molecules and the concentration of ethyl radicals, 

which follows from the reaction scheme presented above. The rate of hydroperoxide accumulation was determined 
from the amount of hydroperoxide collected in a trap cooled with liquid nitrogen. The amount of hydroperoxide 
was determined by two methods: titration of an aqueous solution ( ~ 2 ml of water was first poured into the trap) 

of the hydroperoxide iodometrically or polarographically. 


The experiments were carried out on the apparatus described previously [9]. The ethyl! radicals were ob- 
tained by the action of hydrogen atoms on ethylene. The ethylene concentration was such that all the hydrogen 
atoms extracted from the discharge had reacted completely with ethylene at a distance of 1 cm from the jet. 
The complete absence of hydrogen atoms at a distance of 1 cm from the jet was checked by a special method 
[6] by means of a carbon-black mirror. Thus, with a constant discharge current, total pressure, temperature, 
and ethylene concentration in the reaction vessel, the initial concentration of ethyl radicals was kept constant. 


The walls of the reaction vessel were coated with potassium chloride. It was found that KCl coating on 
the walls led to reproducible results. As has already been noted, under our experimental conditions the main 
product was hydroperoxide. To find the limiting rates of hydroperoxide accumulation, curves were constructed 


» of the rate of hydroperoxide formation against the oxygen 

3 input rate. Figure 1 shows such a relation for a total pres - 

“ sure p = 4.2 mm, temperature T 348° K, and flow rate 

9 63 1B 10; mg 25 om w = 280 cm/sec. Since hydroperoxide was practically the 

Bes 0 sole reaction product, the limiting rate of peroxide accumul- 

4b ation characterized the absolute concentration of C,Hs 

OEE as — 95 om 

as wA, radicals at the position in the stream at which the oxygen 

38 0 / 2? J 4 5:00” » Was introduced. Thus, from the limiting rate of peroxide 
Molecules of O; per sec through 1 cm” — accumulation it was possible to measure the absolute con- 

Fig. 1. Relation between the rate of hydro- centrations of free radicals, as we have done previously [10]. 

peroxide accumulation and the rate of oxygen Figure 1 also gives the limiting rate of peroxide formation 

input; @) oxygen admitted at a distance of with the oxygen introduced at distances of 2.5, 5, and 9.5 cm 

2.5 cm from the position where H and C,Hy from the position at which hydrogen atoms and ethylene were 

were mixed; ©) oxygen admitted at a distance mixed. By dividing the limiting value of the rate of hydro- 

of 5cm; x) oxygen admitted at a distance of peroxide formation with oxygen admitted at a distance of 

9.5 cm; temperature 348°; w = 280 cm/sec. 2.5 cm from the position at which hydrogen atoms and ethyl- 


ene were mixed by the limiting values of the rates of hydro- 
peroxide formation with oxygen admitted at other distances (see Fig. 1,) we obtain the ratio of ethyl radical con- 
centrations at different positions in the vessel. 
Figure 2 gives the relation of Scare to x obtained from the data in Fig. 1. As can be seen, the three 
points (including unity) lie satisfactorily on a straight line described by equation (8). The existence of a linear 
relation between ‘cH. and x indicates that ethyl radicals predominantly suffer quadratic destruction. In this 
case, the over-all value of the rate constants of radical destruction may be calculated from formula (9). For a 
temperature of 348° K at the flow rates given above and a total pressure of 4.2 mm, we obtained the value 
ko + ko™ (CpHg)g = 95 sec~!, The over-all values of the destruction constants at other temperatures were measured 
analogously. The table gives the destruction constants for various temperatures at propa) = 4-2 mm. The maxi- 


mum error in the determination of the over-all destruction constants was assessed as 20% 


Figure 3 gives the relation of 1/[C,H;OOH] to 1/(O,)9 for 348° K, constructed from the data in Fig. 1. 
As Fig. 3 shows, the experiment gave a linear relation, described by equation (1), (2), and (3). Consequently, 
by means of the data in Fig. 3, the slope a and the intercept on the ordinate axis may be used to obtain the 
constant. This value is either the constant bimolecular process k;, or the value k,(M), where ky is the rate 
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Fig. 2. Relation between the 
relative concentration of ethyl 


08 


7 ? 3 440" 


Fig. 3. Relation between the final 
concentration of hydroperoxide and 


radicals and the distance. the initial concentration of molecular 
oxygen. Temperature 348°K; w = 


= 280 cm/sec. 


constant of the thermomolecular process, or the sum k = ky + ky (M). 
Temp. | pho 8 (CeHond te-40-"7] The value of k for 348° K, determined in this way from Fig. 3, 
in °K in sec™ incc* sec™ was found to equal 2.3- 10°" cc « sec™'. Other values of k 
; bate nea for other temperatures were obtained analogously. The values 
are given in the table. The maximum errors in the determina - 
tion of k was assessed as 50%. An examination of the table 
shows that both the reaction rate constant k and the sum of the 
destruction constants Kg + (C2Hs)9 are temperature independ - 
ent within the limits of measurement error. 


348 95 
433 130 
493 
126 


110 


As quadratic destruction predominated under the experimental conditions, the sum of the rate constants 
of radical destruction may be represented as the product kp™ (C,Hs)9. According to equation (1), the intercept 
on the ordinate axis in Fig. 3 is the value of a/(C,Hs)9, but since the experiments were carried out under con- 
ditions where hydroperoxide was practically the sole reaction product, the a # 1 and, consequently, the inter - 
cept on the ordinate axis may be used to obtain the approximate value of the initial concentration of ethyl 


radical, which was found to equal 2.7 - 10” molecules/cc. Consequently, the constant of quadratic radical 
destruction 


kp” = 107"! cc- sec”! + molecules = 2,14 mole"! ce sec™’. 


According to the data of Bradley, Melville, and Robb [11], at PCH, = 2.45 mm and pry = 19 mm, Ko™ = 


= 2.6: 10'% mole"! cc - sec-', while Ivin, Wijnen, and Steacie [12] give the value 22 . 10'3 mole ~!. cc: sec"! 
for this constant. 


Shepp and Kutschke [13] obtained for this constant at PC)HsCOC,Hs * 45.5 mm and T = 423° K the value 
4-10'3 mole"! ce sec". 


As can be seen from the figures given, all four values of the constant kg™ agree satisfactorily. 


SUMMARY 


1. The absolute values of the rate constant for the recombination of ethyl radicals at constant pressure 
p = 4.2 mm and temperatures in the range 349-575° K were measured. 


2. The absolute values of the rate constant for the reaction of ethyl radicals with molecular oxygen at 
constant pressure p = 4.2 mm and various temperatures over the range 349-575° K were measured. 
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OXIDATION OF ACETONE INITIATED BY BENZOYL PEROXIDE 
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pp. 812-815, 1960 

Original article submitted October 9, 1958 


In the chain reactions of liquid-phase oxidation, the most difficult act is the formation of free radicals. 
Therefore, such reactions require a sufficiently high temperature to proceed. The application of various methods 
facilitating the appearance of free radicals in the system makes it possible to carry out and study a chain process 
at a much lower temperature. A common method of stimulating chain reactions is the use of initiators, i.e., 
substances which decompose readily to form free radicals. Peroxides and azo compounds are widely used at the 
present time as initiators of chain reactions. 


Initiators may be used successfully for studying oxidation chain reactions. Normally, the initiator, its 
concentration, and the oxidation temperature are chosen so that the initiator produces a sufficient rate of chain 
initiation, but is consumed slowly in the reaction so that its concentration remains approximately constant over 
a sufficiently long period. However, it is not essential that the chain initiation rate should remain constant in 
such investigations. 


Let us examine the kinetics of a chain reaction with quadratic chain termination, characteristic of the 
liquid phase, and with initiation of the chains by an initiator I, Let us denote the rate constant of the chain 
propagation reaction by ky, that of quadratic termination by k,, that of decomposition of the initiator to free 
radicals by k, the starting material by RH, and the products of the chain reaction by P. In the stationary state 


of the reaction and with the chains initiated solely by the initiator, for the rate of the chain reaction we obtain 
the simple differential equation: 


d{RH| 
jdt) dt ks 
If the initiator is consumed solely as a result of monomolecular decomposition to free radicals, then its con- 
centration with time will be described by a kinetic equation of the first order: 


[1] lo 


dt V ko 
2k, [RH] V 211], kt 
and {P] a e 2 ) 
V kok 
fis 


By carrying out experiments at different temperatures, it is possible to use the temperature dependence of 


[Plax to determine the in the activation energies E, - 3 E, where E, is the activation energy of the chain 


> 
< 
=e 
| 
- 
of ‘cha 
161 


propagation reaction and E is the activation energy of the decomposition of the initiator to free radicals. The 
value of k may be determined for each temperature from the kinetic curves of the formation of P by plotting 


k 
a graph of log ih. PI as a function of time: log em _—_* t. E may be found readily from 


the temperature dependence of k. Knowing the difference E,-0.5 and the value of E, it is possible to determine 
the activation energy of the chain propagation reaction Ey. The method described for determining E, from experi - 
mental kinetic data on initiated oxidation is applicable over a wide temperature range. The essential limitation 
of this method is the fact that during the whole of the experiment the rate of chain initiation due to the reaction 
products should be insignificant in comparison with the rate of chain initiation by the initiator. 


In the present work the method described above was used 
to determine the activation energy of the chain propagation reac - 
tion in the liquid-phase oxidation of acetone. Benzoyl peroxide 
was used as the initiator. The acetone was purified carefully by 
distillation with the fraction boiling at 55-56° collected. The 
acetone was then boiled for several hours with powdered potassium 
permanganate under reflux. Water was removed from the acetone 
by boiling the latter with calcium chloride, followed by distilla - 
tion. The acetone purified in this way had constants agreeing 
with those for the pure substance. The benzoyl peroxide was dis- 
solved in chloroform, the solution filtered, and the peroxide pre- 
cipitated from the solution with methanol. The precipitate was 
collected and dried in vacuum. 


M/ liter 


0 25 50. 


Fig. 1. Oxidation of acetone initiated 
by benzoyl peroxide (0.01 M) at 


15 atm and 100° (1) and 113° (2), Experiments on the initiated oxidation of acetone were 

The kinetics of methylglyoxal forma- carried out in an autoclave at 15 atm with air admitted at 

tion are shown above, and of peroxide 20 liter/hr and a stirring rate of 250 rev/min. The autoclave 
formation, below. was charged with 135 ml of acetone in each experiment and when 


the given temperature was reached, a further 15 ml of acetone 
containing 1.5 mole of benzoyl peroxide was introduced with a special apparatus. Thus, the benzoyl peroxide 
concentration at the beginning of the reaction was 0.01 M, Samples of the oxidized acetone were taken during 
the experiment and analyzed for methylglyoxal (colorimetrically with Schiff*s reagent), peroxide (iodometrically), 
and acids (by titration with alkali), The analysis showed that at 90-120°, the main product of the initiated oxida - 
tion of acetone was methylglyoxal. The amount of peroxides formed by oxidation of acetone was approximately 
a factor of 10 less than the amount of methylglyoxal. The amount of acids formed was very small (0.01-0,015 M). 
Acetone was not oxidized at 90-120° without an initiator. The oxidation of acetone ceased when the initiator 
was consumed. 


Figure 1 shows kinetic curves of the formation of methylglyoxal in experiments at various temperatures. 
As this figure shows, the rate of methylglyoxal formation decreased during the reaction as the initiator was con- 
sumed. The presence of a maximum on the kinetic curve of methylglyoxal accumulation is connected with its 
nonchain consumption in the reaction. The rate of methylglyoxal consumption at 90-120° was small and could 
be neglected in calculations. The kinetic curves for peroxides reflect the over-all change in the concentration 


of peroxides with the consumption of benzoyl peroxide superposed on the formation of acetone hydroperoxide 
CH,COCH,OOH. 


Starting from the fact that peroxide and methylglyoxal are formed during the initiated oxidation of acetone 
and using the results of the work on the decomposition of benzoyl peroxide [1], the following mechanism may be 
put forward for this reaction. The free radicals are formed as a result of the decomposition of benzoyl peroxide: 
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The free radicals formed react with acetone, giving the beginning of the chain oxidation: 


4+- CHsCOCHs — CsHs;COOH + CHsCOCH 
CeHs° + CHsCOCHs — + CHsCOCH,’ 
CH,COCH),* +- O23 CHgCOCH; OO: 
+ CHsCOCHs CHsCOCH,O,H -+- 
CHsCOCH,0O0H - CHsCOCHO -+- H,O: 
— molecular products 


Generally speaking, another conversion route is possible for the peroxide radical CH;COCH,OO: 


CHyCOCH,00: -- CH;COCHO -+- ‘OH 
In either of these two cases, there is a chain reaction and the radical responsible for the chain propagation is 
a peroxide radical. 
The maximum concentrations of methylglyoxal in experiments at different temperatures are given in a 
Table 1. 
TABLE 1 TABLE 2 7 
Maximum Concentrations of Methylglyoxal Benzoyl Peroxide Decomposition Constants ; 
in Experiments at Different Temperatures in Oxidized Acetone at Different Tem- =i 
peratures 
Temperature 05 | 100 | 106 | 113 | 120 100 «| 120 
n 
CPlmax | k in min 0,17 | 0,28 | 0,61 
in M/liter {0 ,070}0 ,080|0 ,080|0 ,076]0 ,077 
As Table 1 shows, the maximum concentration of methylglyoxal did not change with a change in tem- ES! 
perature, but remained constant within the limits of reproducibility of the experiments and the accuracy of the ‘ 
analysis and consequently E, = E. 
The constants for the decomposition of benzoyl peroxide in oxidized acetone were found by constructing De 
a graph of log a =f (t). Figure 2 shows that in accordance with calculation, this function is linear ey 
max 
for each separate experiment. The slopes of the lines were used to find the rate constants for benzoyl peroxide 
decomposition at each temperature (Table 2.) 
Pm 
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0 20 30 4 3b rT; 
min 
Fig. 2. Graph of log Po = f (t), Fig. 3. Relation of log k to re- é 
constructed for different temperatures: 1) 100°; “ts td 
2) 106°; 3) 113°; 4) 120°, is the methyl- ra e constan enzoy perox e ¥ 


glyoxal concentration decomposition in acetone. 
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The logarithm of k as a function of reciprocal temperature is shown in Fig. 3. The slope of the line ob- 
tained was used to find the activation energy of benzoyl peroxide decomposition E = 31 4 1 kcal/mole. This 
value is close to the value 29.6 kcal/mole found in [1] for monomolecular decomposition of benzoyl peroxide 
in benzene. Hence, we find that E, = 15.5 + 0.5 kcal/mole. This high value for the activation energy of the 
chain propagation reaction is the reason why acetone is difficult to oxidize. 


It is interesting to compare the experimentally found value E, = 15-16 kcal/mole with the estimate ob- 
tained theoretically for E, by means of Polanyi's relation [2], For this purpose it is necessary to know the strength 
of the C-H bond in acetone and of the O-H bond in the peroxide CH,;,COCH,OO—H. The strength of the C-H bond 
in acetone is not known, but it may be determined from the activation energy of the reaction: CH,- + CHyCOCH, + 
-+ CH, + CHyCOCH,' as equal to 9.7 kcal/mole. Hence, by using Polanyi's relation, E = 11.5—0.25q; q = QcH, — 
Qc,H,0' OcH, = 101.6 kcal/mole, we find Qc,H,o * 94.5 kcal/mole. The strength of the O-H bond in the 
hydroperoxide may be taken as equal to the strength of the O-H bond in hydrogen peroxide, which equals 
90 keal/ mole [2]. Hence, the activation energy forthe reaction of the peroxide radical with acetone E, = 
= 11.5 + 0.75 + 4.5 = 15 keal/ mole, which agrees with the value of E, found experimentally. 


SUMMARY 


1, A new method is proposed for determining the activation energy of the chain propagation reaction in 
chain oxidation reactions with an initiator. 


2. In the liquid-phase oxidation of acetone, the activation energy of the chain propagation reaction is 
15-16 kcal/ mole. 
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The systematization of metals according to the rate of reduction of their ions and ionization of the atoms 
is one of the fundamental problems of electrochemistry. The first attempts at the systematization of metals 
with respect to the overvoltage value were made by FrSlich and Klark in 1925 [1]. According to Frolich and 
Klark there is a definite relation between the overvoltage of the liberation of hydrogen and the metal. The 


greater the overvoltage of hydrogen liberation on the given metal, the smaller is the overvoltage of the metal 
itself. 


Increase in hydrogen overvoltage | 
Pd, Pt, Ni, Co, Fe, Zn, Cu, Au, Ag 


Increase in metal overvoltage 


In 1934, Fol'mer [2] suggested the division of metals into three groups according to the difficulty of their 
electrochemical reduction: Hg, Pb < Zn, Cd, Cu, Ag < Fe, Co, Ni. By comparing the interaction factor of 
Antropoff [4] with the liberation overvoltage, Ioffe [3] came to the conclusion that metals should be arranged 
in the following sequence with respect to overvoltage: Pb, Cd, Sn, Zn, Ag, Cu, Au, Co, Ni, Fe, Cr, Pt. loffe 
considered that the greater the hardness of the metal, the higher should be its overvoltage. Piontelli [5] showed 


that the order of metals with respect to their overvoltage will differ, depending on the nature of the salts used 
for the electrodeposition of the metals. 


The most thorough work on the systematization of metals with respect to overvoltage is that of Antropov 
[6]. The author associated the reason for the different overvoltage of a series of metals with the electrocapil- 
lary zero points and considered that the magnitude of the observed overvoltage of metals during the reduction 
of their ions on an electrode and consequently the degree of hindrance to separation are caused by the change 


in the charge of the electrical double layer. The normal potential of a metal, expressed on the electrocapil- 
lary zero scale, is thus determined in the following way: 


where ¢€° is the normal potential of the system and €q = 9 is the electrocapillary zero potential, expressed on 
the hydrogen scale. The values of gp for various metals are given in Table 1. 


Antropov considered that if gp») > 0, the surface of the cathode is positively charged and attracts anions, 
as a result of which the metal is reduced readily. If 9 < 0, the cathode surface is negatively charged and 
cations are adsorbed on it so that the reduction of the metal is strongly hindered. 


It should be noted that some experimental data are clearly contradictory to this point of view. Thus, the 
separation of metals of the iron group on mercury should be considerably facilitated as its surface is positively 
charged and, according to Antropov, negatively charged ions concentrate at the mercury surface on the solution 
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TABLE 1 
Ni | Fe Co Zn Cu | Bi Sn Cd Pb Ti Ag Hg 
0,34) 0,799) 0,798 
9 | 0,00}-0,37| 12 —0 ,34|—0,74|—0 ,69| —0 ,05|—0, 24 
0,23|—0,07 — |-—0,13' 0,22} 0,60! 0,2! 0,34] 0,56; 0,42) 0,8] 41,00 


side and facilitate the discharge of cations. However, as experiments in [7] showed, the reduction of metals of 
the iron group on a mercury cathode proceeds with much more difficulty than the separation of these metals on 
like electrodes. An analogous contradictory result is observed during the electrodeposition of silver. Thus, ac- 
cording to recent data [8], the electrocapillary zero of a silver surface is displaced in a negative direction by 
-0.6-0.7 v relative to a hydrogen electrode. According to Antropov's opinions, positively charged ions should 
be adsorbed at the electrode surface, strongly hindering the reduction of silver ions. However, as experimental 


investigations show, in the separation of silver from solutions of simple silver salts, hardly any overvoltage is 
observed. 


From the data presented by various authors it follows that together with the general accuracy of the arran- 
gement of metals with respect to overvoltage, there are also some substantial discrepancies. For an accurate 
assessment of the position of metals in the overvoltage series it is obviously necessary to have quantitative data 
obtained under comparable experimental conditions. A series of essential difficulties are encountered in obtain- 
ing such data. The most important of these are as follows: 1. Difficulties associated with the deposition of dif- 
ferent metals from the same solutions in order to exclude the effect of anions on the electrolysis process. The 
electrodeposition of such metals as Ag, Cr, and Fe is carried out from solutions of different salts. It should be 
noted that to obtain high-grade deposits of a number of metals, even from the same salts, various additives are 
used and this makes it difficult to carry out investigations under comparable experimental conditions, 2. In the 
determination of the polarization of metals, the concentration polarization is eliminated to different extents 
(Sn, Cu, Ni, Cd, Tl, Ag.) 3. In the electrodeposition of a number of metals, the structures of the deposits and 
hence the true current densities are different, which also hampers the comparison of the results obtained. In the 
deposition of such metals as Cr, Mn, etc., high apparent current densities are used, while for others (Ag, Tl, and 
Sn,) low apparent current densities are used. 4. In the electrodeposition of some metals, hydrogen is liberated 
simultaneously and under the conditions where high-grade deposits are obtained, the current yields of metal are 
quite different. For example, in the electrodeposition of chromium, the current yield of metal is 8-12 %, for 
iron, 70-80%, and for copper, 100%. 5. In the measurement of polarization by different methods, the poten- 
tial drop between the cathode and the end of the capillary of the auxiliary electrode is allowed for,to different oe 
extents. In addition, the use of different designs of electrolytic cells and electrodes produces a nonuniform dis - “tig 
tribution of current on the electrode surface and consequently a different degree of error in the polarization a 
measurement, depending on the section where the measurement is made. 


EX PERIMENTAL 


In connection with what has been stated, it is hardly possible to arrange metals in a series with respect to 
overvoltage on the basis of data presented in the literature by different authors. To obtain quantitative data on es 
the overvoltage in the separation of metals under comparable experimental conditions, we studied the electro- an 
deposition of nickel, cobalt, iron, copper, zinc, cadmium, thallium, and tin from 1 N sulfate solutions in an 
electrolytic cell of special design. All measurements were made by a rapid method to eliminate concentration 
polarization and to determine only the chemical component of polarization. 


Fig. 1 shows an oscillogram of polarization curves plotted at different speeds during the electrodeposition 
of iron. The polarization of the cathode and anode are plotted on the ordinate axis and the current density on 
the abscissa. As the curves show, the polarization did not change substantially with plotting at different speeds. 
The latter indicates that in the given case the supply of substance to the electrode was not the limiting stage 
of the process. With an increase in the plotting rate of the polarization curve, there was some displacement 
to the right, which did not lead to an appreciable change in the polarization. Figure 2 shows polarization curves 
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TABLE 2 


Overvolt- 
age in mv 


Current: 
density in 


Ni Cu 
ma/ cm? 


Tl 


plotted at different rates for the electrodeposition of zinc. With a slow plotting rate (curve 1,) the polarization 


was considerably higher than with a high plotting rate (curves 2 and 3) and this was due to concentration polariza - 
tion [9]. 


Experimental data on cathode and anode overvoltages of different metals, obtained from analogous oscil- 
lograms, are given in Table 2, The polarization was obtained from curves plotted at 8.3 cm/sec. 


The experimental data obtained (Table 2) show, first of all, that cathode polarization is higher than anode 
polarization and the rate of reduction of metals from 1 N sulfate solutions at identical overvoltages increases in 
the following order: Ni, Co, Fe, Cu, Zn, Cd, Tl, Sn, The rate of anode solution of metals increases in the series: 
Ni, Co, Fe, Cu, Zn, Cd, Tl, Sn. These data show that if the cathode reduction of metal ions proceeds at a high 
rate, then the ionization of the metal atoms also proceeds at a high rate. 


The rule given for the rate of reduction of metal ions may be explained on the basis of the crystallization 
theory developed by Frenkel’ [10] and Burton, Cabrera, and Frank [11], in which it was shown that as a result of 
the thermal motion of atoms, at the actual face of a crystal there appears a different sort of crystallographically 
active zone, whose growth requires lower supersaturation than for the growth of an ideal planar crystal face. 
From this theory it follows that for metals with a high melting point, the probability of such active zones arising 
will be lower than for metals with a low melting point. On the basis of these concepts it may be considered that 
the rate of reduction of metal ions on active centers of a crystal will be much greater than on the other parts of 


its surface and therefore there should be a definite parallelism between the overvoltage of the separation of metals 
and their melting point. 


TABLE 3 


Metal Ni Co Fe Cu 


Sn 


M, p. in °C | 1455 | 1496 1535 | 1083 | 419 | 320 0 | 232 


A comparison of the melting points, of metals (Table 3) with the overvoltage shows that this parallelism 
is well fulfilled for metals with a low separation overvoltage. A certain discrepancy is observed in the positions 
of nickel, cobalt, and iron and this may be caused by the inaccuracy in the determination of the equilibrium 
potential, relative to which the overvoltage was measured. 


In a number of studies [12] of the elementary act of metal ion discharge it was shown that on active zones 
of the electrode surface the process proceeds very rapidly without appreciable polarization, while on passive 
zones the reduction rate is much less. Since the separation of a metal on a passive surface is hindered, it may 


be considered that the considerable retardation of the discharge and ionization of metals with a high melting 
point is connected with their passivation. 


Antropov [6] demonstrated the existence of a relation between the magnitude of exchange currents and 
the overvoltage of metal separation. The existence of this relation naturally may be explained by the tendency 
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of metals for passivation, Obviously, on a passive metal surface the exchange current will be less than on an 
active metal surface, which is in agreement with the point of view presented above. 


In conclusion, it may be pointed out that the observed parallelism between the overvoltage, melting 
point, and tendency of metals for passivation in all probability is connected with the fact that the forces imped- 
ing the evaporation or movement of metal atoms and decreasing the number of active centers on the crystal sur- 
face also increase the adsorption of foreign particles and thus promote passivation of the metal surface. 


SUMMARY 


1. The rate of reduction of metal ions from 1 N sulfate solutions increases in the following order: nickel, 
cobalt, iron, zinc, copper, cadmium, thallium, and tin. 


2. The rate of anode solution increases in the series: nickel, cobalt, iron, copper, zinc, cadmium, thal- 
lium, and tin. 


3. The hypothesis is put forward that the different rates of electrochemical reduction of metal ions is 
connected with the different rates of passivation of the cathode surface during electrolysis. 
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The present work is a continuation of our x-ray structural investigation of diphenylhalonium compounds 
[1-3]; preliminary crystallographic data on fluoborates were published previously [4] and below we give a detailed 
description of the structure of diphenyliodonium fluoborate [(CgH).1T (BF,]~. In contrast to analogous halides [4], 
the crystals of diphenyliodonium, diphenylbromonium, and diphenylchloronium fluoborates were found to be non- 
isomorphous. 


a (A) 6,054-0,03 8,16+40,03 18,66+0,05 
b (A) 12,80+0,04 14,80+0,03 8,11+0,01 
e (A) 17, 26-+0,05 10,170,10 24,53-+40,04 
97°15'+420' 96°30'+<:0° 125°20'+30' 
v (A) 1326 1220 2658 
dineas 1,8 1,7 1,4 
dx -ra g/cc) 1,85 1,76 1,39 
M 367 , 96 320,96 276,50 he 
Space group P2,/c P2,/c 

The crystal structures of these compounds should be purely ionic and therefore it is extremely interesting ‘. 
to compare them with the structures of other diphenylhalonium compounds (CgH;).X'6—Y~5, in which the 2 
x*6—y- 6 bond has an intermediate character (between purely ionic and purely covalent,) and, in particular, : 
with the structure of diphenyliodonium chloride [1-3]. Such a comparison makes it possible to establish the ef- : 
fect of the degree of ionic character of the structure, i.e., the polarity of the Xt6—yY~5 bond, on the configura- ie 
tion of the “cation” (CgH,),.X* (length of the C-X bond, valence angle of X, etc.) 4 

EX PERIMENTAL 

For a number of procedural reasons, diphenyliodonium fluoborate was chosen for a complete x-ray struc - 
tural investigation. Crystals obtained from aqueous solution were transparent needles that were strongly elongated 
along the a axis; there were clearly expressed faces of only one simple form, namely a rhombic prism {011}. 

The x-ray diffraction investigated of the crystals was carried by the oscillating (determination of identity J 
periods and reflection intensities) and Laue methods (determination of monoclinic angle) and by photographing 7. 
the reciprocal lattice (determination of space group and reflection intensities.) Oscillation x-ray diffraction 
patterns for definite identity periods were obtained with copper radiation and all the other diffraction patterns 
with molybdenum radiation. Photographing the reciprocal lattice was used to obtain scans of the layer lines dur- 
ing rotation about the long axis of the crystal (a axis): OkZ , 1k2 , 2k2 , 3k2 and 4k2.. Each scan was obtained _ 7 
three times with three different exposures to extend the effective blackening range. The reflection intensities o— 


were estimated visually with the aid of blackening marks. To reduce the intensities of different scans to a single 
scale and to allow for reflections falling in the “dead region” during the photographing of a given series of scans, 
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Fig. 1. Electron density distribution for independent regions of the cell 
in sections parallel to bc, and passing through the centers of the atoms. 
Contours are drawn only in direct proximity (at not more than 1.5 A) to 


the centers of the atoms at levels of 0, 2, 4, 6, 8, 10, and 12 el/A* (more 
rarely for I: 0, 10, 20,... el/A®). 


we obtained a series of oscillation x-ray diffraction patterns (10° oscillation range) with rotation of the crystal 
about the a and b axes, A comparison of the estimates of intensity from oscillation diffraction patterns and from 
reciprocal lattice scans showed that the accuracy of the intensity determinations was ~ 15%. The total number 
of reflections considered was 1752 and of these, 243 had too low an intensity for estimation and were considered 


as 0. In converting the intensities into structural factors, we allowed for only the Lorenz and polarization factors; 
no correction was introduced for absorption. 


The interpretation of the structure was begun with the calculation of the projections of the interatomic 
functions on the be, face, giving the y and 4 coordinates of the iodine atom. The coordinate x, was found by 
means of a Harker section y = Ve. From these coordinates (xy = 0.793; yy = 0.112; zy = 0.085) we determined 
the signs of all the measured structural amplitudes and calculated the first approximation of the three-dimen- 
sional series of electron density. The series was calculated as a combination of sections parallel to the a axis 
and passing through the lattice points in the be projection, dividing it into 48 x 48 sections (period a was also 
divided into 48 sections.) For choosing the necessary sections, we used the projection of the electron density 
on the be face, constructed during the calculation of the three-dimensional series. This series clearly resolved 
all the atoms, apart from hydrogen atoms, and also F, and B, which appeared as a common maximum. The 
coordinates of the maxima were determined for the light atoms by "visual" interpolation; the coordinates of the 


I atom were found analytically by approximation of the electron density distribution close to the maximum of the 
exponential function [5]. These values are given in Table 1. 


The coordinates from the first approximation of the three-dimensional series served as a basis for calculat- 
ing the structural amplitudes with the B and F, atoms not considered. Viervoll and Orgim's tables of atomic 
factors [6] were used; the reliability factor R = 0.22 was obtained by introducing the isotropic temperature cor- 
rection from B = 2.8 A~*, found together with the translation factor in absolute units by the method of least 
squares from the relation of F*,a1¢/Fmeas to (sin 9/r.¥ (where F",,,; is the structural amplitude calculated with- 


out a temperature correction.) From a comparison with the first variant of structural amplitudes calculated with 
allowance for only the iodine atom, 85 signs were changed. 


The second variant of the signs was used for calculating the second approximation of the three-dimensional 
electron density series. The calculation procedure was the same as for the first approximation, with the exception 
that the periods a, b, and c were divided into 48, 60, and 120 sections, respectively. The results of the calculation 
are given in Fig. 1. The electron density distribution p (xyz) in sections passing through the centers of the atoms 


and parallel to be were found by linear interpolation of the values p (xyz,) selected from one-dimensional sec- 
tions parallel to a, 
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TABLE 1 


Coordinates of Atoms and Heights of Maxima P max (el/ A‘) 
[st series Qnd 


| 2(A) 


0,905 0/272 0,094 9, 0)0,855 0,270 0,093 | 3,45) 1,61 
0,095) 0,298) 0, 138 9,0)1,056 | 0,301 j0,138 16,39) 3,85) 2,39 
0,150) 0,408) 0,143 8,5)1,121 0,406 0,141 |6 9,19} 2,44 
0,982) 0, 480 0,100} 8,5]0,983 | 0,479 {0,100 5,95} 6, 1 1 73 
0,777) 0,4 1465 0,055 8,0)0, 782 0,448 |0,055 |4,7: ‘ 0.95 
0,735 01344 0,051 9,0)0, 717 0,343 [0,052 4,39) 0,90 


793 0,084] 107,0]0,793,]} 0,143: |0,0845/4 5} 1,46 


Center of gravity 
of nucleus I 0,919 | 0,374 |0,097 [5,56 4,79} 1,67 
Cc 0,609) 0,114) 0,176) 9,5/0,610 | 0,111 0,174 [3,69 42| 3,00: 


Cc 0,455} 0,041) 0,172) | 0,038 10,170 |2,65 2,94 
C 0,311) 0,039} 0,280) 8,5/0,298 | 0,038 0,229 {1,80 3,95 
C 0,360) 0,107] 0,287) 8,0/0,337 | 6,114 J0,291 |2,04 42) 5,02 
( 0,530) 0,183) 0,293] 8,0/0,514 0,184 |0,294 |3,09) 2,36) 5,08 


0,665) 0,184] 0,234 9, 0)0,651 0,184 |0,236 3,94) 2 4,07 


Center of gravity 
of Il 


0,474 | 0,114 |0,232 |2,87 42) 4,01 
0,826] 0,070} 6,0]/0,921 | 0,829 0,076 [5,57 0} 1,3 


0,804) 0,732} 0,060} 13,5/0,803 | 0,732 |0,060 |4,86) § 1,04 
0,878} 0,864] 0,150} 13,0)0, 878 0,865 10,1514 |5,31 2,60 
0,070] 0,826} 0,070} 12,5)1,15 0,811 |0,077 16,97] 10,37] 1,33 
0,864} 0,899} 0,009} 13, 850 0,905 |0,016 [5,14 58] 0,27 
1,164 | 0,244 |0,171 |7.04) 3,12] 2,95 
1,278 0,430 {7,73} ! 3,04 
1,033 0,560 |0,103 6.25 1.78. 
0,674 | 0,505 10,023 |4,08 46} 0,39 
0,560 | 0,319 10,017 |3,39 0,30: 


0,410 |—-0,020 |0,122 |2,48 25] 2,44 
0,160 |—0,020 {0,226 |0,97/—0, 25} 3,90: 
0,231 0,337 |1,40 42| 5,81 
0,539 12 |0,342 {3,26} 3,09) 5,94 
0,788 ,242 |0,239 |4,77| 3,09] 4,12 


Figure 1 shows that in the second approximation of the series, all the atoms (apart from hydrogen) includ- 
ing F, and B were clearly resolved. Accurate values of the coordinates of the maxima for all the atoms were 
found by interpolation with the approximation p (xyz) close to the maximum of the exponential function; these 
coordinates are given in Table 1, which also gives the heights of the maxima. The coordinates of the hydrogen 
atoms given in Table 1 were calculated with the assumptions that the length of the C -H bond is 1.09A and that 
this bond coincides in direction with the corresponding diameter of the benzene nucleus. 


In comparison with the first approximation, the coordinates (especially x) of the light atoms changed very 
considerably; we could therefore expect a considerable decrease in the reliability factor. In actual fact, on cal- 
culating the structural amplitudes from the new coordinates, we obtained R = 0.14. In this case we used the same 
atomic curves as previously; the same method was used to determine the temperature correction and we found 
B=2.6A~, i.e., it changed very slightly. 


The number of changed signs of structural amplitudes was 30, i.e., relatively few, and for 18 of them 
Fmeas = 9, While for the others Finegs Was very small. Therefore, there was no point in another approximation 
of electron density. Some refinement of the coordinates and a decrease in the value of R might be attained by 
introducing a correction for the break in the series and individual anisotropic temperature factors. However, due 


to the great laboriousness of these refinements (even though they would probably be insignificant,) we did not 
consider them worthwhile. 
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Fig. 2. Projection of structure on be face. 


As procedural problems were not the aim of the present work, we did not calculate the errors by any 
theoretical formulas. An idea of the accuracy of the present investigation wa: given by the scatter of the lengths 
of the chemical equivalent bonds, I-C, C-C, and B-F, the distance of individual carbon atoms from the mean 
planes of the benzene nuclei, and also the differences in the valence angles C-C-C in the benzene nuclei and 
F-B-F in the anion (see below,) which should be identical theoretically. These values showed that the accuracy 
of the determination of the bond lengths was + 0.03 A (or slightly better) and the valence angles, + 2°. 


DISCUSSION OF EXPERIMENTAL RESULTS 


The structure of diphenyliodonium fluoborate is purely ionic and is made up of (CgHs),I* cations and BF," 
anions. Its projection on the be plane is shown in Fig. 2; this figure also shows the shortest distances between the 
atoms of neighboring ions, which, in the case of structures with molecular (polyatomic) ions, play the part of 
intermolecular distances. The figures in brackets give the distances between atoms, one of which moves from 
the original (xyz) with compulsory translation along the a axis. 


The following symbols were adopted in Fig. 2 and Table 2. 


Cation Position Anion Position . 
Ic xyz la _ xyz 

IIIc Illa x z 
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Fig. 3. Configuration of the cation (CgHs)gI*: a) actual conformation in a diphenyliodonium 
fluoborate crystal; b) ideal conformation with minimum steric hindrance; c) ideal confor- 
mation with maximumsteric hindrance (completely coplanar). 


The cation (C,Hg),I* has an angular configuration (Figs. 2 and 3) and the valence angle C,-I-C,'= 94°. 


According to quantum chemistry, the covalent bonds of an iodine atom in the valence state I* are formed 


by 5p”-electrons, i.e., the valence angle should be 90°, The increase in the C,-I-C,' valence angle in compari - 
son with the theoretical value, which is appreciably greater than experimental error, must be explained by the 
effect of steric hindrance in the cation (see below.) The lengths of the iodine—carbon bonds are as follows: 

I-C, = 2,04, I-C," = 2.01; mean I-C = 2.0254 0.015 A. This value is appreciably less than the bond length 

I-C = 2.08 A in diphenyliodonium chloride [(CgHs),1}C1 [3], in whose molecule the I-Cl bond is not purely ionic, 
but intermediate in character, and much less than the length of single C-I bond in saturated compounds (2.15 A) 
[7]. Moreover, the length of the I-C bond in diphenyliodonium fluoborate is practically identical with that of 

a I-C bond in unsaturated compounds with the iodine atom at the double bond; thus, for example, according to 
various electron—diffraction investigations of the vapor, in various iodoethylenes I-C = 2.03 4 0.02 A [7]. It is 


logical to assume that the shortening of the halogen—carbon bond in diphenylhalonium salts(CgH,)sXY is ex- 
plained by the substantial role of structures of the type 


+6 
Cr 


due to which, the X-C bond acquires a certain proportion of double-bond character. Obviously, the proportion 
of double-bond character must be greater the more polar the X-Y bond and reaches a maximum when this bond 
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is purely ionic. Therefore, it is quite understandable why there is 
shortening of the I-C bond in the series, for example, iodoform— 
diphenyliodonium chloride—diphenyliodonium fluoborate. 


Within the limits of experimental error, the lengths of the 
C-C bonds in the benzene nuclei were identical and were 1.40 + 
+ 0.02 A for nucleus I and 1.41 + 0.01 A for nucleus II (Fig. 3a.) 
If the I atom is adopted as the origin of the coordinates and we 
change to the orthogonal system of coordinates oxyz.* where the 
axes ox and oy coincide with the corresponding axes of the cell and 
the axis oz* is normal to the plane oxy, then the equations of the 
“mean" planes of the benzene nuclei, found by the method of least 
Configuration of BF,” anion. squares and reduced to the normal form, will be as follows: 


Nucleus | 0,597 x—0,120 y—0,792 240,126=0 
Nucleus II 0,555 x«x—0,647 y+0,520 2z—0,085=0 


The equation of the plane C,IC," in the same system of coordinates has the form: 0.752x—0.178y 
+ 0.6342 = 0. 


The distance of the carbon atoms (and iodine atom) from the planes of the corresponding benzene nuclei 
were found to be as follows: 


Nucleus 
I —0,09 A 


Nucleus I 
+-0,13 & 


I 


Cy —0,02 C, +0,01 
Cy —0,02 C, +0,01 
C3 +0,02 C, —0,01 
Cy, -+0,02 Cc, —0,01 
—0,01 +0, 01 
Cz +- 0,02 Cc, —0.01 


Thus, the benzene nuclei are practically right planar hexagons and the error in the determination of the position 
of the light atoms (carbon and also fluorine) was apparently close to + 0,02 A. The substantial displacement of 
the iodine atom from the planes of the benzene nuclei is explained by the deviation of the I-C, and I-C," bonds 
from the ideal direction (see below.) 


In the cation (CgH,)yI* there is steric hindrance between the benzene nuclei, which changes with rotation 
of these nuclei about the I-C bonds. In the “ideal” cation (with the theoretical valence angles of 120° for the 
carbon atoms and 90° for the iodine atom and the bond lengths I-C = 2.02 A, C-C = 1.40 A, and C-H = 1.09 A) 

the steric hindrance is minimal when the benzene nuclei are perpendicular to each other and to the plane C,IC;, 
(Fig. 3b.) Consequently, for the "free" cation this “conformation” should be optimal, i.e., the most favored 
energetically. In this case there is only one shortened distance between atoms that are not bound by valence, 
namely, C,-C," = 2.86 A, while twice the intermolecular radius of carbon 2R, = 3.40 A (the intermolecular radii 

in the given structure are considered below.) As is known from a large amount of experimental material on organic 
crystal chemistry [8], the shortening of the distance between unbound atoms by 3.40-2.86 = 0.56 A is quite substan- 
tial and may lead to an increase in the valence C,-I-C," by approximately 5°. Steric hindrance in the cation will 
be maximal for the fully coplanar conformation, i.e., when the planes of both benzene nuclei coincide with the 
plane C,IC," (Fig. 3c); in this case, for example, the distance between the ortho hydrogen atoms is only 0.03 A, 
i.e., the centers of these atoms practically coincide and, consequently, this conformation is prohibited. 


The actual conformation of the cation in the crystal structure of diphenyliodonium fluoborate is shown in 
Fig. 3a. In contrast to the ideal valence configuration, the valence angle C,-I-C,' = 94°, i.e., is increased by 4°. 
Due to this, the distance between the “key” carbon atoms is increased to C,-C," = 2.96 A, i.e., by 0.1 A in com- 
parison with the “ideal” conformation. However, it is still shortened by 2R,-2.96 = 0.44 A. Consequently, the 
shortening of the distance between the unbound atoms by 0.44 A is compensated by the increase in the valence 
angle by 4°. The benzene nuclei are rotated about the I-C bonds in such a way that the angle between the plane 
CIC," and the plane of benzene nucleus I is 92°, that between the plane C,IC,' and the plane of benzene nucleus II 
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TABLE 2 


Distances between Atoms of Neighboring Ions (in A) 


Atoms | Distance | Atoms Distance 


| — Hx(VIe) (3,12) 
I(Ic) —- C, (Vie) (3,81) CAVIe) Ha(Ie) (3,12) 
I(VIe)—C, (Ie) (3,81) Cyle) — HAVle) (3,12) 
I(Ic) — C,(VIe) (4,11) — Hy(1e) (3, 14) 
I(Ic) (4,53) Ca(Ic) — H;(Ve) (3, 15) 
1(VIe)— (4,53) C4(Ve) — Hs(Ie) (3,15) 
(3,92) Hs(1e) —- Hg(Ve) 2,34 
I(Ic) HyVle) (4,08) 
1(VIe)— Hi(le) (4,08) ) is 
Cy(Ie) — Cs(Ve) (3,32) Fa(la) — F,(Ila) 


Cs(Ie) — C4(Ve) (3,32) 
ation—anion distance 
Ca(le) — (3,33) c)C 


a) Cation—cation distance 


C, (Ie) — C,(IIc) (3,53) - - 11a) (3,01) 
C (Ie) — C,(I Ie) 3,53 — F,(1Va) 3,40 
C4(Ic) (3,53) — F, (11a) (3,44) 
C,(Ic) — C,(1e) (3,66) — (3,14) 
—- C,(1e) (3,66) — F<(Va) (3,25) 
— Cs(Ve) (3,69) c) F,(Va) (3,39) 
Ca(Ie) — H, (IIe) (2,47) — F(Va) (3,41) 


C,(111e) —- H{(Ie) 2,47 C.(10 — F, (lz | 3.46 


C;(Ie) — Ic) (2,81) 
— H,(Ic) 2,90) H,(Ie) — (Ia) 86 
(2,90) |} Hale) — (2,80) 
C,(Vic) — (2,90) H,( Ic) — F2(Va) (2,98) 
— I c) (2, H,(Ic) — F 2.99 
C;(Ie) — Hy(Ve) (3,08) 

Cs(Ve) — H, (Ie) (3,08) 

C'(Vic) — H(Ic) (3,12) 


is 30.5°, and that between the planes of the benzene nuclei equals 90°. some of the distances between the atoms 
of the benzene nuclei are found to be shortened: 


Distance Sum of intermolecular radii Shortening 


C,—C\=2,96 A 3,40 A 0,44 A 
C, — C,=3,09 3,40 0,31 
C, — H,=2,62 2,80 0,18 
C2—H,=2,63 2,80 0,17 
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If we ignore the shortening of the C,-C,‘ distance, which cannot be eliminated by rotation about the 
single I-C bonds, the sum of the shortenings in the actual cation is found to equal 0.66 A, i.e., very slight. This 
steric hindrance produces slight distortion of the valence angles of the key carbon atoms C, and C,* (Fig. 3a,) 

as a result of which the I-C, and I-C," bonds deviate from the diameters of benzene nuclei I and II by 7 and 6°. 
If the valence angles of C, and C," were not distorted, the steric hindrance in the cation would be somewhat 
greater. As has already been stated, it is possible to conceive a conformation without steric hindrance (apart 
from C,-C,") for the "free" cation. Therefore, the fact that the actual cation has a somewhat hindered structure 
must be explained by the effect of the crystal force field. 


The BF, anion has a practically undistorted tetrahedral configuration (Fig. 4): B-F = 1.43 4 0.01 A, F-F = 
2.34 4 0.03 A, F-B-F = 109.5°4 1°. There are no reliable literature data on the length of the B-F bond in the 
“complex” anion BF,~. At the same time there are quite accurate values for boron trifluoride BF, and its adducts 
of the type N*RR'R” with a donor—acceptor bond B~—N*: 


Compound B-F(A) B- N(A) 
BF,[9] 1,30 
FsB- — N+ = CCH,[10] 1,33 1,64 
F;B- — N*+H,[10] 1,38 1,60 
— N+(CHy)s[10] 1,39 1,59 
— N*H2CH,[10] 1,39 1.57 


4 


of the B-F bond increases and this effect is greater, the stronger (shorter) the B-N donor—acceptor bond. In the 
anion BF~, where all the bonds of the boron atom are equivalent, the length of the B-F bond is found to be longer 
than in the BF, molecule: 1.30 and 1.43 A, The slight deviation from the ideal tetrahedral configuration may be 
explained by crystal lattice forces. 


Thus, when a boron atom changes from the valence state Sp- to the valence state 4 , the length 


The shortest interionic distances in the given structure are shown in Fig. 2 and are given in Table 2 (the 
symbols adopted and the disposition of the hydrogen atoms were given above.) With the exception of the I-F 
(or, more accurately, I’ —BF,”) distances, which correspond to electrostatic attraction, all these distances be- 
tween atoms of the molecular ions correspond mainly to van der Waals interaction and make it possible to de - 
termine the intermolecular radii. Since an intermolecular radius may vary over a range of + 0.1 A, for deter- 
mining the intermolecular radii we took the mean of the minimal distances between atoms of a given sort and 
distances differing from it by not more than 0.2 A. Thus, for example, for carbon, according to Table 2, we 
have; shortest C-C distances: 3.32, 3.32, 3.33, 3.33, 3.53, 3.53, 3.53 A. Mean: 3.41 4 0.10 A; consequently, 
the intermolecular radius R, = 1.70 0.10 A, 


Analogously, for other distances and intermolecular radii we have: 


H—H 2,1940,10 Ry = 1,10-40,05 
3,1740,06 4 Ri = 1,47 

H—F 2,4040,10 = 1,30 


Mean Re = 1,39+40,08 A 


The shortest I-H distance (3.52 A) does not correspond to contact (Ry + Ryy = 3.21 A.) There is also no 
F-F contact so that the intermolecular radius of fluorine had to be determined by C-F and H-F contacts. In the 
given structure, the intermolecular carbon and hydrogen radii (1.70 and 1.10 A) are somewhat lower than the 
generally accepted values (1.80 and 1.17 A,) which is probably connected with the ionic nature of the structure; 

the electrostatic attraction of the molecular ions overcomes the van der Waals “barriers” between nonpolar par- 
ticles of neighboring cations. Most of the shortest C-H distances are close to the sum of the radii 1.70 + 1,10 = 

= 2.80 A. However, there is one considerably shortened distance of 2.47 A, which should also be ascribed to 
“indirect” action of ionic forces. However, the disturbance of additivity in C-H contacts is not unusual [11] and 
may be fictitious to some extent as we considered that the hydrogen atoms lay in positions such that the C-H bonds 
were in the ideal position along the diameters of the benzene nuclei, which has not been established in actual struc- 
tures in most cases due to the impossibility of localizing hydrogen. 


i 
4 


All the shortest I-F distances (mean value 2.96 A) were found to be substantially less than the sum of the 
intermolecular radii Ry + Rp = 3.50A, which is not surprising as they correspond to the purely ionic interaction 
It-BF, . Unfortunately, the ionic radius of I could not be found from this distance as we did not know what 
radius to assign to the F atom in the BF, anion in I-F contacts. 


The structure is made up of units of four ions, grouped around centers of symmetry '/,00 (Fig. 2.) With its 
atom F, and F,4, the “starting” anion Ia touches the I atom of the "starting" cation VIIc and with atoms F, and F,, 
the I atom of cation Ve, derived from the starting one by the center of symmetry '/,00. The anion Ma, which is 
derived from the starting anion Ia by the same center is connected to the same two cations. In this respect the 
given structure is similar to the structure of diphenyliodonium chloride [3], where there is “dimerization” of the 
molecules at the centers of symmetry. Thus, the Fy, atom participates in two I-F contacts and the F, and F, atoms 
in one each, while the F, atom has no such contacts. Each I atom participates in four I-F contacts. These units 
of four ions are superposed on each other with a translation a, forming infinite columns along the a axis. Each 
column is surrounded by six neighbors with no ionic interaction between the columns. With the use of the inter- 
molecular radii presented above, the volume of the cation equals 176 A°, while the volume of the anion is 43 A°, 
The packing factor k = 0.66, i.e., has a value normal for organic structures. 


The authors would like to thank T. P. Tolstaya and L S. Isaeva for providing preparations for investigation. 


SUMMARY 


1. The coordinates of the atoms in the purely ionic structure of diphenyliodonium fluoborate were deter- 
mined by a three-dimensional electron density series. 


2. The bond lengths have the following values with an accuracy of + 0.03 A: I-C = 2,02, C-C = 1.40, and 
B-F = 1.43 A. 


3. The cation (CgH,),I* has an angular configuration. The increase in the valence angle C,-I-C,' = 94°, 
in comparison with the theoretical value is explained by steric hindrance. 


4. The shortest interionic distances lead to the following intermolecular radii: C-1.70 A; F-1.10 A; 
F-1.39 A; and I1-2.11 A. The distances I-F = 2.94, 3.01, and 3.40 A correspond to electrostatic attraction. 
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B -KETO PHOSPHONIC ESTERS 


COMMUNICATION 5. STRUCTURES OF THE PRODUCTS OF THE REACTION 
OF SOME a-HALO KETONES OF THE CARBOCYCLIC SERIES 
WITH TRIETHYL PHOSPHITE AND SODIUM DIETHYL PHOSPHITE 


B. A. Arbuzov, V. S. Vinogradova, and N. A. Polezhaeva 


A. M. Butlerov Chemical Institute, Kazan* State University 

Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 832-841, 1960 

Original article submitted August 13, 1958 


In 1950 Arbuzov, Lugovnik, and Bogonostseva [1] studied the réactions of 2-chloro- and 2-bromo-cyclo- 
hexanones with triethyl phosphite and sodium diethyl phosphite. The product was considered to be diethyl 2- 
oxocyclohexylphosphonate, which would be the product of the normal course of the Arbuzov rearrangement or the 
Michaelis-Becker reaction, However, some of the properties of the product were not in accord with the structuré 
indicated. Thus, it did not give derivatives characteristic of the keto group, and on hydrolysis with hydrochloric 

acid it broke down with formation of cyclohexanone and phosphoric acid. We later [2-4] undertook a study of 

8 -keto phosphoric ester with the object of determining whether keto-enol tautomerism was present. 


In order to carry out these investigations we synthesized esters of various 6 -keto phosphonic acids, which we 
considered to be the diethyl esters of 2-oxocyclohexyl-, 2-oxocyclopentyl-, 1-methyl-2-oxocyclohexyl-, and 3- 
camphoryl-phosphonic acids (2, 4], and we titrated them with bromine under Meyer's conditions [5]. It was un- 
expectedly found that 1,1-dimethylacetonylphosphonic ester and 1-methyl-2-oxocyclohexylphosphonic ester ob- 
tained by the Arbuzov rearrangement combined with bromine (21%.and 10%, respectively,) although their enoliza- 
tion was impossible. The explanation of this phenomenon was found later when Perkow [6], Pudovik [7], and other 
authors [8] showed that the reaction of trialkyl phosphites with a-halo carbonyl compounds proceeds anomalously 
(completely or partially) with formation of alkeny] dialkyl phosphates. 


In 1955 Pudovik [9] showed that the product of the reaction of triethyl phosphite with 2-chlorocyclohexanone 


is 1-cyclohexen -1-yl diethyl phosphate (I), which gives triethyl phosphate and cyclohexanone on transesterification 
with ethanol: 


| | +P |] | (C2H,0),PO 
(I) 
The product of the reaction of 2-chlorocyclohexanone with sodium diethyl phosphite was considered by Pudovik 


to be diethyl 2-oxocyclohexylphosphonate. We have recently shown [10] that with a-halo ketones the Michaelis- 
Becker reaction does not give B -keto phosphonic esters, but a, 8-epoxy phosphonic esters: 


O 
C,H,OH 


CH; — CO —CH:Br NaOP (OC;Hs)z CHy — C —CH,Br CH; —C —CH 
(C2H;0).2P=O  ONa  (C:H5)2P=—C 
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We now report our results on the structures of the products of the reactions of triethyl phosphite and of 
sodium diethyl phosphite with some a-halo ketones of the carbocyclic series.» We repeated experiments on 

the reaction of triethyl phosphite with 2-bromocyclohexanone (Method A) at 110°, and to obtain a pure product 
we distilled it through a column of 8-plate efficiency. However, the constants of the product were not changed 
by purification by distillation. Meyer titration with bromine gave an unsaturation of only 4.3%, and the product 
did not give a 2,4-dinitrophenylhydrazone. In this experiment we obtained the 2,4-dinitrophenylhydrazone of 
cyclohexanone, m.p. 158-159°, On transesterification of the product with ethanol we isolated triethyl phosphate 
and cyclohexanone. 


These reactions indicate that the product of the reaction of 2-bromocyclohexanone with triethyl phosphite 
is 1-cyclohexen-1-yl diethyl phosphate. Evidently, the results of the titration with bromine are to be explained 
on the view that bromine is unable to add at the double bond under the conditions of Meyer ‘titration. 


The Raman spectrum of Product A contained the following frequencies (Av, cm-"): 


245 (2b), 276 (2b), 326 (0), 445 (0), 503 (0), 537 (0), 636 (2b), 684 (1), 740 (5h), 775 (1), 
805 (1), 820 (2), 841 (3), 851 (2), 927 (3), 991 (2), 1030 (1), 1049 (3b), 1078 (2), 
1100 (4), 1141 (1), 1176 (3), 12 1212 (0), Se (1), 1266 (4), 1291 (3b), 1338 (2), 1369 (2), 
1395 (1), 1433 (7), 1451 (5b), 1478 (2), 1592 (1); 1628 (2?), 1684 (6), 2661 (1), 2723 
(1), 2774 (0), 2843 (4), 2867 (3b), 2800 (Ab). 2936 (6b), 2976 (4b), 3024 (1), 3066 (2). 

We purified the product of the reaction of 2-chlorocyclohexanone with sodium diethyl phosphite by 
distillation through the 8-plate column; it had the following constants, which do not differ appreciably from 
those obtained previously: b.p. 131-131.5 (3 mm); d?% 1.1229; nD 1.4575; found MR 56,88. It did not give 
a 2,4-dinitrophenylhydrazone, and on transesterification with ethanol it was recovered unchanged. These facts 


indicate that the product was neither 1-cyclohexen-1-yl diethyl phosphate nor diethyl 2-oxocyclohexylphosphonate. 


The Raman spectrum did not contain the carbonyl frequency, but contained the frequency 1684 cm=' (3) (5). 


On analogy with the product of the reaction of bromoacetone with sodium diethyl phosphite, which was 
found to be diethyl 1,2-epoxy-1-methylethylphosphonate [10], it would be expected that in the case of 2-chloro- 
cyclohexanone the product would be diethyl 1,2-epoxycyclohexylphosphonate. To confirm this supposition, we 
carried out an experiment on the synthesis of diethyl 1,2-epoxycyclohexylphosphonate. 


Diethyl phosphite adds to 2-chlorocyclohexanone with formation of diethyl 2-chloro-1 -hydroxycyclohexyl- 
phosphonate, and on treatment with alcoholic potassium hydroxide this gave an ester corresponding in analysis 
to diethyl 1,2-epoxycyclohexylphosphonate; it had the following constants, which are close to those of the prod- 


uct of the Michaelis-Becker reaction (Method B): b.p, 112-114° (2.5 mm); np 1.4571; d?°, 1.1193; found 
MR 57.01. 


| | 
(11) 


The Raman spectrum of the product obtained as above (Method D) and that of the product of the reaction of 


sodium diethyl phosphite with 2-chlorocyclohexanone (B) coincided almost completely, as will be seen from 
the following comparison (Av, cm~'): 


D 254 (4b) 320(2b) 370 (3) 455 (1) 506 (0) 548 (2) 604 (3) (8) 
B 256 (4b) 315 (1b) 372 (3) 456 (2) 509 (0) (1) 605 (3) (5) 
D 743 (6b) 770(2) 818 (3) 838 (4) 852(2) 866(1) 921(2) — 

B 743 (4b) 772 (1)  818(3) 836 (3) 852 (2) 867 (2) 917 (2) 966 (2) 


978 (1db) 1039 (3b) 1080 (2) 1100 (4) 1157 (2) 1176 (3) 1246 (2b) 1267 (4) 
981 (2) 1037 (3b) +1082 (2) 1100 (4) 4159 (2) 1184 (1) 1254 (2) 1274 (3) 


(Continued on next page) 


ao 


* The material given here was reported in part at a conference on the structure of organic compounds held in 
Kazan’ in 1957. 
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(Continued from previous page) 


D 1291 (5) 1341 (2) 1398 (3) 1436 (10) 1451 (10) 1476 (3) 1683 (5) 2665 (0) 
B 1292 (4) 1842 (2) 1402 (2) 1437 (6) 1451 (6) 1476 (2) 1684 (3) 2664 (1) 
D 2725 (0) 2774 (0) 2845 (2) 2867 (3) 2900 (3) 2937 (5 b) 2976 (3 b) 

Bo 2720 (1) 2772 (1) 2845 (2) 2865 (4) 2902 (5b) 2934(S8b) 2976 (4 b) 

D 3021 (tb) 3060 (1) 

B 3000 (tb) 8060 (0) 


Examination of the Raman spectra of Product A (from 2-chlorocyclohexanone and triethyl phosphite), 
Product B (from 2-chlorocyclohexanone and sodium diethyl phosphite), and Product D indicates that in all these 
methods reaction does not proceed in a single direction, and a mixture of products is obtained from which the 
individual components could not be isolated in a pure state even by the use of efficient columns.* 


The absence of the carbonyl frequency (1712-1715 cm) in the spectra indicates that diethyl 2-oxocyclo- 
hexylphosphonate is not formed in any of the methods. This was confirmed by the negative results in the experi - 
ments on the preparation of 2,4-dinitrophenylhydrazones. In all the spectra there was an intense frequency at 
1683-1684 cm™!, which varied in intensity [(6) for A, (5) for D, and (3) for B); this could be a C= C frequency. 
In the region of C-H valence vibrations Product A had two frequencies at 3024 (1) and 3066 (2); Product D had 
a frequency of 3021 (1b) which was diffuse and merged with a broad band at 2976 (3b)—it also had the frequency 
3060 (1); Product B had a diffuse frequency at 3000 and a weak one at 3060 (0). According to the literature, 
in the infrared spectrum of 1,2-epoxycyclohexane the frequency 2999 cm~' belongs to the C-H valence vibra - 
tion at the epoxide ring [11]; in the Raman spectrum of cyclohexene the C-H valence vibration in the 


C= ~~ group is represented by the frequency 3022 cm~ [12]. 


Hence, the spectrum data indicate that Products B and D consist of mixtures of unsaturated ester and 1,2- 
epoxy compound, It is interesting that in the region of the vibration frequencies of the C = C bond the spectrum 
of Product A contains not only 1684 cm™', but also two other frequencies: 1628 (2), which may be regarded as a 
repeat of the 1684 frequency due to excitation by the f mercury line, and the weak frequency 1592 (1), which 
is absent in the spectra of the other products. The presence of unsaturation is indicated also by certain chemical 
properties. Thus, by direct titration with bromine Product A gave 102% unsaturation, whereas Product D gave 
about 8%, Titration with peroxyphthalic acid gave 92% after one day and 170% after five days for Product A; 
for Product D it gave 54% after one day and 87% after five days; for Product B it gave about 15% unsaturation. 


In the case of peroxyphthalic acid the high unsaturation can be explained by the oxidation of groups other 
than C = C, ** 


The presence of unsaturation could be explained by the presence of the cyclohexenyl phosphate (I) in the 
products. Confirmation of this view is provided by data on the transesterification of the products with ethanol. 
Product A readily undergoes transesterification with formation of cyclohexanone and triethyl phosphate. How- 
ever, in the case of Products B and D transesterification does not occur and the products are recovered unchanged, 
which is confirmed by their physical constants. After transesterification the spectrum of Product D was also 
unchanged, and the frequency 1683 cm~' (5) retained its former intensity. Hence, both the chemical and spec- 
trum data indicate that in the case of 2-chloro- and 2-bromo-cyclohexanones pure products were not obtained 

in any of the methods. The products were evidently mixtures of the unsaturated phosphoric ester and the epoxy 


ester (II), The unsaturated ester (I) predominates in Product A, and the greatest amount of the epoxy compound (II) 
is obtained by Method B. 


It might be expected that also in the case of 2-chloro-2-methylcyclohexanone the product of its treatment 
with triethyl phosphite (Method A) would be diethyl 2-methyl-1-cyclohexen-1-yl phosphate (III) and the product 
of its treatment with sodium diethyl phosphite would be mainly the ester of the corresponding epoxy phosphonic 
acid. As was found previously [4], the products of the reaction of 2-chloro-2-methylcyclohexanone with triethyl 
phosphite and with sodium diethyl phosphite did not differ in boiling point, but differed somewhat in density and 


* We did not succeed in distilling the products through a column of 16-plate efficiency. 
* «Cyclohexanone is readily oxidized by peroxy acids at room temperature [13]. 
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refractive index. We carried out a more careful fractionation of the products of these two methods and showed 
that their constants were very close. 


Analogous results were obtained on determination of their Raman spectra. These spectra were found to 
be very close, as will be seen from the following comparison (Av, em”); 


A 235 (2) 61 (1) 311 (2b) 355 (1b) 402 (1) 42 (1) 534 (0) 
B 238 (2) 265 (2) 312 (2b) 334 (1b) 400 (1) (1) 532. (0) 
563 (4) 622 (2b) 677 (Gb) 750 (3b) —-818 (3) 831.3) 

B 567 (3b) 626 (4b) 678 (6b) 752 (5b) (4) 833 (4) 852 (1) 
A 867 (4) 899 (1) 927 (1) 952 (2db)  — 1001 (3) 1032 (1) 
B 868 (4) 900 (0) 927 (1) 947 (2) 962 (1) 1001 (3) 1034 (1) 


A 1067 (3) 1084 (3) 1098 (4) 1145 (0) 
1412 (1) 


L176 (5) 1245 (A) 
R 1068 (2) 1084 (3) 11400 (4) 


2) 
2) (5): 1243 (0) 


(1) 1268 (5) 1286 (3b) 1338 (2) 1354 (1) 1378 (3) 1394 (1) 
(0) 1268 (5) 1287 (3b) 1338 (2) 1353 (1) 1380 (2) —-1392 (2) 


A 1431 (8) 145: 
B 14 


(6b) 1477 (3) 4672 (4) 00 (8) 2662 (1) 2722 (1) 
1433 (8) 


2 17 
450 (6b) 1478 (2) 1672 (0) 1700 (7) 2662 (4) 2724 (1) 


2770 (1) 2839 (4) 2865 (5) 2911 (Sb) 2976 (Sb) (2b) 
B 2770 (1) 2837 (5) 2864 (6) 2905 (5b) 2934 /8b) 2974 (6b) 2999 (2b; 


Note; A is the spectrum of the product of the reaction of 2-chloro-2-methylcyclohexanone . 


with triethyl phosphite; B is the spectrum of the product of the reaction of the same ketone * 
with sodium diethyl phosphite. i 


It may therefore be supposed that in this case the products obtained by the Arbuzov rearrangement (A) and : 
by the Michaelis-Becker method (B) are identical in structure. 


The Raman spectra did not provide a basis for choosing between diethyl 2-methyl-1-cyclohexen-1-yl ; 
phosphate, the epoxy phosphonic ester, and the methyloxocyclohexylphosphonic ester. The intense frequency y 
at 1700 cm! could be a lowered carbonyl frequency or a C = C frequency; the answer was obtained by use of s ; 
transesterification with ethanol. On transesterification both preparations gave triethyl phosphate and methyl- : 
cyclohexanone, which indicates that the products consisted of diethyl 2-methyl-1-cyclohexen-1-yl phosphate (IID): 


0 


i 
POOC:Hs), (IIL) 


Titration of Product A with peroxyphthalic acid gave 100% unsaturation; the titration of Product B gave 72% un- s 

saturation. 
In a brief communication [14] we showed that the formation of an unsaturated phosphoric ester, under the : im 

action both of triethyl phosphite and of sodium diethyl phosphite, can occur also in the case of aliphatic @-halo : 


ketones (3-bromo-3-methyl-2-butanone.) In the present paper we describe the relevant experiments and give : 
some supplementary data of value in the establishment of the structures of the products obtained by the action 
of triethyl phosphite (A) and of sodium diethyl phosphite (B) on 3-bromo-3-methyl-2-butanone. The structure i 


of the product as the unsaturated phosphoric ester (IV) was proved not only by the negative reaction for carbonyl _— 

with 2,4-dinitrophenylhydrazine and the possibility of transesterification with ethanol with formation of triethyl ’ 

phosphate and 3-methyl-2-butanone, but also by titration with bromine and with peroxyphthalic acid: 
CH;CHs; O 


CH;—C=C—O—P (OC;H5). (IV) 


By direct titration with bromine Product A was found to have 103% unsaturation, and according to titration with 
peroxyphthalic acid it had 101% unsaturation, both after one day and after five. Titration of 1,1-dimethylacetonyl- a 
phosphonic ester obtained by the methylation of acetonylphosphonic ester C showed no appreciable unsaturation. 
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Product B had about 50% unsaturation. The data from the chemical investigation, and the presence of the car- 
bonyl frequency 1707 cm" in the spectrum of 1,1-dimethylacetonylphosphonic ester C [10], show that the 


frequencies 1699 and 1700 cm~' in the spectra of products A and B belong not to a lowered C = O frequency, 
but to a raised C = C frequency. 


The product of the reaction of 2-chlorocyclopentanone with sodium diethyl phosphite, which we obtained 
earlier (2,4), was shown by further investigation to be diethyl 1,2-epoxycyclopentylphosphonate (V): 


O 
[pe 


The ester (V) gave no reaction for carbonyl with 2,4-dinitrophenylhydrazine. In an attempt to transesterify it 
with ethanol it was recovered unchanged. No unsaturation was found by titration with peroxyphthalic acid. The 


Raman spectrum confirmed its structure as that of an epoxycyclopentylphosphonic ester; the spectrum contained 
the following frequencies (Av, cm™'): 


(V) 


265 (1), 282 (3b) ," 308 (1b), 426 (3), 467 (0), 514 (1), 585 (1), 653 (4), 670 (4), 749 
(5b), 802 (3b),, 848 (4), 876 (5), 920 (4), 945 (3), 966 (1), 993 (2), 1027 (6), 1053 (1), 
1098 (5), 1127 (1), 1160 (1), 1191 (3), 1227 (2), 1250 (2), 1263 (4), 1294 (2), 1388 (4), 
1444 (5), 1456 (4), 1476 (2),2723 (1), 2768 (1), 2867 (3b), 2907 (4), 2932 (6b), 2970 
(4b ), 3036 (3b). 


It will be seen that carbonyl and double bond frequencies are absent. The presence of an a-epoxide ring 
is indicated by the frequency 3036 cm”? [11]. 


A different picture is found with the product of the reaction of 3-bromocamphor with sodium diethyl 
phosphite. It was earlier found that this product had only 1.1% unsaturation when titrated with bromine by Meyer's 
method [5]. However, the Raman spectrum of the product indicated the presence of an unsaturated bond and thd 
absence of a carbonyl group, as will be seen from the following data (Av, cm™): 


254 (3b), 330 (Ib), 398 (2), 435 (2), 474 (1), 552 (2), 574 (1), 599 (2), 648 (4b), 
660 (8), 732 (4), 749 (2), 771 (1), 814 (2b), 847 (3), 876 (6), 903 (1), 932 (2), 944 (4), 
960 (4), 1005, (2), 1034 (1b), 1080 (2), 1100 (4), 1135 (2), 1166 (2), 1186 (2), 1248 (4b), 
1288 (3b), 1327 (2), 1366 (1), 1389 (2), 1450 (6b), 1475 (4), 1625 (5), 1647 (1), 2717 
(1), 2767 (1), 2864 (5), 2895 (4), 2925 (6b), 2956'(5), 2977 (4b), 2990 (2), 3054 (?), 
3083 (3). 


From the spectroscopic data we may suppose that the product of the action of sodium diethyl phosphite on 3 - 
bromocamphor is the unsaturated mixed phosphoric ester (VI): 


O—P(OC otis!» 


(vi) 
Chemical investigations confirmed the spectroscopic data. 


On transesterification of the product with ethanol we obtained camphor, m.p. 176° and giving a 2,4- 
dinitrophenylhydrazone of m.p. 173-174°, and triethy! phosphate. The 2,4-dinitrophenylhydrazone of camphor 
was obtained also by the direct action of 2,4-dinitrophenylhydrazine on the unsaturated phosphoric ester, evidently 
because of partial hydrolysis of the ester. The material presented in this paper indicates the complex course of 
the reaction between a-halo ketones and sodium diethyl phosphite, which leads to the formation of 6 -keto phos - 


phonic esters, unsaturated phosphoric esters, and epoxy phosphonic esters [10, 14], depending on the nature of the 
halogen, the reaction conditions, and the alkyl substituents. 


The formation of these products in the Michaelis-Becker reaction with a-halo ketones explains the 


anomalies in chemical properties [2-4] and spectrum data (ultraviolet spectra) [15] observed by us in previous 
work, 
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The formation of various products in the Arbuzov rearrangement and the Michaelis-Becker reaction in 
accordance with the nature of the halogen and substituents in a-halo carbonyl compounds may be represented 
by the scheme given by Kreutzkamp and Kayser [16]. According to this scheme, as a result of the attack of 
triethyl phosphite or sodium diethyl phosphite at the carbonyl group with subsequent elimination of alkyl halide 
or sodium halide, the dipole (VII) is formed and is rearranged into an unsaturated phosphoric ester: 


CHS 

CH,—C — P (0) (OCsHs)2 CH,=C—O—P (0) 
| 


(VII) 


The dipole (VII) may be stabilized by closure of an epoxide ring, as was confirmed by the formation of epoxy 
phosphonic esters in the Michaelis-Becker reaction with a-halo ketones [10]. The formation of B -keto phosphonic 
ester occurs by an independent mode of reaction. It is not clear from Kreutzkamp and Kayser's scheme what prompts 
the closing of the epoxide ring in the dipole (VII) or its rearrangement into the unsaturated phosphoric ester. 


We consider that the formation of unsaturated phosphoric esters may be represented also by another scheme. 


In the case of a readily ionizing halogen atom the polarization of the carbonyl group may occur in the direction 
shown in the scheme: 


CH, 
+ RCI 


O=P(OR), 


The high electronegativity of the halogen and the + I effect of a substituting group attached to the carbon carry - 
ing the halogen will favor the formation of the unsaturated phosphoric ester. 


For 2-chlorocyclohexanone the formation of the unsaturated erin ester may be represented as follows: 


O 


The + I effect of the methyl group in the case of 2-chloro-2-methylcyclohexanone and of 3-bromo-3-methyl- 
2-butanone results in the exclusive (or almost exclusive) formation of the unsaturated phosphoric ester. 


In the case of the Michaelis-Becker reaction, the mode of the reaction leading to the formation of the 
B -keto phosphonic ester will be in competition with two other modes of reaction: 


a) Addition of sodium diethyl phosphite at the carbonyl group with formation of the dipole, which is 


stabilized as an epoxy compound 
P(OR), 


b) Addition of the esterified phosphono group to oxygen as in the phosphorus ester scheme 


q 
+ NaC). 


In the case of 2-chloro-2-methylcyclohexanone and 3-bromo-3-methyl-2-butanone, the + I effect of 
the methyl group results in the predominance of Reaction (b) even in the Michaelis-Becker method. The present 
investigation shows that the structures of the products of the action of sodium diethyl phosphite on cyclic a-halo 


ketones assigned by us in previous investigations [2-4] on the basis of the usual course of the Michaelis-Becker 
reaction do not correspond to their actual structures. 
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EXPERIMENTAL 


Raman spectra were determined on an ISP-1 three-prism glass spectrograph. For each substance not less 
than three spectra were determined from each of two exciting mercury lines (22938 cm™', isolated with NaNO, 
and Hg 436 light filters, and 24705 cm”, isolated with an Hg 405 filter.) The scattering vessel was modified 
so that the substance could be distilled into it under constant evacuation with an oil pump through a side tube 
in a bent extension to the vessel. 


Reaction of 2-chlorocyclohexanone with sodium diethyl! phosphite [4]. Determination by the Meyer 


method gave 1.3% unsaturation, Transesterification of the product: The product [4,1 g, b.p. 131-131.5° (3 mm)] 
was added to a solution of sodium ethoxide prepared from 0.1 g of sodium in 10 ml of alcohol. The mixture was 
heated in a water bath for 30 min, alcohol was distilled off, and the residue was neutralized with acetic acid. 
Distillation gave 0.3 g of a fraction boiling up to 56°(1.5 mm) (n*°D 1.4140), and 1.5 g of the original ester was 
recovered unchanged; b.p. 110-112° (2 mm); d?% 1.1258; n*°D 1.4573. 


Reaction of diethyl phosphite with 2-chlorocyclohexanone. Diethyl phosphite (30 g) was added to 29 g 


of 2-chlorocyclohexanone. On addition of 15 drops of saturated sodium methoxide there was a rise in tempera- 
ture. The flask was heated in an oil bath for eight hours at 140°, Neutralization with acetic acid and distilla - 
tion gave 23 g of diethyl 2-chloro-1-hydroxycyclohexylphosphonate; b.p. 130-138° (5.5 mm); n”°D 1.4510; 

d?®, 1.1276; found MR 64.65; calculated MR 63.44, 


The 23 g of 2-chloro-1 -hydroxycyclohexylphosphonic ester was treated with 4.9 g of potassium hydroxide 
in 150 ml of absolute alcohol. Toward the end the flask was heated for one hour in a water bath, After separation 
of potassium chloride (4 g) and fractionation we obtained 3 g of an ester; b.p. 109-110° (2 mm); nD 1.4563; 
d’°, 1.1116, In a repeat experiment the 2-chloro-1-hydroxycyclohexylphosphonic ester was not isolated, but after 
being heated to 140° the reaction product was freed from unchanged substances by vacuum distillation at a bath 
temperature of 140°, The residue was treated with alcoholic potassium hydroxide. We isolated 11 g of product; 
b.p. 112-114°(2.5 mm); n?°D 1.4571; d?°) 1.1193; found MR 57.01; calculated MR 57.19. Found 13.32% P. 
CyoHypPO4. Calculated 13.24% P. 


Action of triethyl phosphite on 2-bromocyclohexanone. Triethyl phosphite (24 g) was added dropwise 
to 25 g of 2-bromocyclohexanone heated to 110°, Toward the end of the reaction the bath was heated to 150°, 
Fractionation gave 25 g of 1-cyclohexen-1-yl diethy! phosphate. Distillation through a column of 8-plate ef - 
ficiency gave a product having: b.p. 113° (2 mm); 1.4543; 1.1035; MR 57,52. Meyer titration with 
2-naphthol gave an unsaturation of 4.6%, Reaction with 2,4-dinitrophenylhydrazine gave the 2,4-dinitrophenyl- 
hydrazone of cyclohexanone, m.p. 158-159°, Transesterification with ethanol under the conditions described 


for epoxycyclohexylphosphonic ester gave cyclohexanone and triethyl phosphate. 


From 6.2 g of cyclohexenyl diethyl phosphate we obtained 0.7 g of cyclohexanone, b.p. 46.5° (15 mm) 
(semicarbazone m.p. 165.5-166.59165.5-166.5° in mixture test) and 3 g of triethyl phosphate; b.p. 77° (5 mm); 
1.4060; d?%, 1.0645. 


Transesterification of the product of the reaction of sodium diethyl phosphite with 2-chloro-2-methyl- 
cyclohexanone [4]. The transesterification of 5.2 g of the phosphoric ester with ethanol in presence of sodium 
ethoxide gave | g of 2-methylcyclohexane; b.p. 53-60°(13 mm)'d”°y 0.9330; n?°D 1.4453. The semicarbazone 
had m.p, 191° (191° in mixture test.) We obtained also 2.1 g of triethyl phosphate; b.p. 64-65° (3 mm); 

1.0522; 1.4078. 


Transesterification of diethyl 2-methyl-1-cyclohexen-1-yl phosphate. Diethyl 2-methyl-1-cyclohexen- 
1-yl phosphate was prepared by the action of triethyl phosphite on 2-chloro-2-methylcyclohexanone [b.p. 118- 


120° (1_ mm); d?°) 1.0860; n?°D 1.4565] [4]. On transesterification 5.7 g of the phosphoric ester gave 1.7 g of 2- 
methylcyclohexanone [b.p. 52-56°(11 mm); 47% 0.9436; n?°D 1.4410 (the semicarbazone had m.p. 191°)] and 
3.1 g of triethyl phosphate; b.p. 73° (3.5 mm); 1.0635; 1.4045. 


Transesterification of the product of the action of sodium diethyl phosphite on 2-chlorocyclopentanone. 


For transesterification we took 4.1 g of product [b.p. 104-105° (1 mm); d°"» 1.1408; nD 1.4560 [4].” After the 
transesterification reaction the product was recovered unchanged; b.p. 112° (3 mm); a 1.1350; n?°p 1.4525 (3 g). 


*In our brief communication [2] in Table 1, No. 11, we erroneously indicated that the product was obtained by 
the action of triethyl phosphite, whereas it was actually obtained by the action of sodium diethyl phosphite (see [4].) 
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Transesterification of the product of the action of sodium diethyl phosphite on 3-bromocamphor. For trans- 
esterification we took 3.9 g of product [b.p, 116-117° (0.5 mm); nD 1.4600; ds 1.0842] [4]. On distillation of 
the transesterification product camphor sublimed over (m.p. 176°; 176° in mixture test) and we obtained also 
1.3 g of triethyl phosphate contaminated with camphor; b.p. 68-71°(3 mm); a, 1.0716; n?°D 1.4232. 


When an attempt was made to prepare the 2,4-dinitrophenylhydrazone of the product of b.p, 116-117° 
(0.5 mm), the 2,4-dinitrophenylhydrazone of camphor, m.p. 173-174° (from alcohol), was precipitated. A 
mixture with the 2,4-dinitrophenylhydrazone of camphor (m.p. 175°) had m.p. 173-174°, 


Transesterification of the product of the action of triethyl phosphite on 3-bromo-3-methyl-2-butanone. 
For transesterification we took 7.5 g of the product [b.p. 115-116° (8 mm); d°"» 1.0489; nD 1.4344][3]. Distilla- 
tion gave an alcoholic solution, from which we prepared a semicarbazone of m.p. 112-113°, and 3.1 g of triethyl 
phosphate; b.p. 67-69° (2 mm); n*°D 1.4090; d®° 1.0649. The semicarbazone of 3-methy1-2-butanone has 
m.p. 112-114° [17]. We obtained also a fraction (0.8 g) having: b.p. 77-82° (2 mm); , 1.0554; nD 1.4250, 
On treatment of diethyl isopropenyl phosphate with 2,4-dinitrophenylhydrazine, it was recovered unchanged. 


Transesterification of the product of the action of sodium diethyl phosphite on 3-bromo-3-methyl-2- 
butanone. We took 5.4 g of the product of b.p, 110-112° (8 mm) [3]. From the alcoholic distillate we obtained 
a semicarbazone of m.p, 112-113°, Fractionation of the transesterification product gave 1.3 g of a fraction of 


b.p. 67-69° (2 mm), 1.4072; 1.0642 and 1.6 g of a fraction of b.p. 72-82°(2 mm); 1.4230; 
1.0652. 


SUMMARY 


1, On the basis of chemical and spectrographic data it was shown that the product of the action of sodium 
diethy1 phosphite on 2-chlorocyclopentanone is diethyl 1,2~epoxycyclopentylphosphonate. The product of the ac- 
tion of sodium diethyl phosphite on 2-bromocyclohexanone is a mixture of 1-cyclohexen-1-yl diethyl phosphate 
and diethyl 1 ,2-epoxycyclohexylphosphonate. 


2. The products of the action of sodium diethyl phosphite and of triethyl phosphite on 2-chloro-2-methyl- 


cyclohexanone consist of diethyl 2-methyl-1-cyclohexen-1-yl phosphate; the product of the action of triethyl 
phosphite on 3-bromo-3-methyl-2-butanone is diethyl isopropenyl phosphate. 


3. The product of the action of sodium diethyl phosphite on 3-bromocamphor is the corresponding mixed 
phosphoric ester. 
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We have previously shown [1] that benzenesulfeny! chloride adds to 3,3,3-trichloropropene in the direc - 
tion contrary to that required by Markovnikov's rule with formation of 2,2,2-trichloro-1-(chloromethyl)ethy] 
phenyl! sulfide, which contains sulfide sulfur in the a-position to a CCl, group. The investigation of this reac - 
tion was continued for the case of aliphatic sulfenyl chlorides, and the addition of ethane- and 2-chloro-1- 
propane -sulfeny! chlorides to 3,3,3-trichloropropene was studied. In both cases the direction of addition was 
again contrary to Markovnikov's rule. The structure of 2-chloropropyl 2,2,2-trichloro-1 -(chloromethylethyl 
sulfide (the product of the addition of 2-chloro-1~-propanesulfenyl chloride to 3,3,3-trichloropropene)was proved 


by a confirmatory synthesis by reaction of propene with 1,1,1,3-tetrachloro-2-propanesulfenyl chloride. The two 
reactions are compared in Scheme 1; 


A. CHsCHCI—CH, SCI. CCly;—CH —CH,Cl 


| 
B. CH3—CH=CHy, CCl; -CH—CH,CI SCH,—CHCI -CH, 
SCI (1) 

The products of Reactions A and B were shown to be identical by a study of their infrared absorption spectra, 
which were found to be completely identical. The product of the addition of ethanesulfenyl chloride to 3,3,3- 
trichloropropene was considered to be ethyl 2,2,2-trichloro-1-(chloromethyl)ethy! sulfide (II) on the basis of the 
following transformations. The adduct was dehydrochlorinated, the mixture of unsaturated sulfides formed was 
hydrolyzed in an acid medium, and the hydrolysis product was treated with 2,4-dinitrophenylhydrazine. The 
resulting product was the 2,4-dinitrophenylhydrazone of ethyl pyruvate, which melted without depression when 
mixed with the authentic hydrazone, prepared from pyruvic acid. The ready hydrolysis of the unsaturated sulfide 
at the C-S bond indicates that it is a vinylthio compound. The reactions studied are presented in Scheme 2: 

2) CCls—CH—CH,Cl C—CH,Cl 


| (Il) 
SCoHs SCoHs CH3;—C—C—OC3Hs 


| 
SGHs NH—CoHy 
(IV) (V) 
The formation of the 2,4-dinitrophenylhydrazone of ethyl pyruvate (V) from the sulfide (IV) is quite 
analogous to the known formation of the 2,4-dichlorophenylhydrazone of ethyl glyoxylate from chloral and 


2,4-dichlorophenylhydrazine [2] under the same conditions. This in itself proves that the carbonyl group is in 
the a-position with respect to the CCl, group. 


The separation of the sulfides (III) and (IV) was achieved by converting the sulfide (III) into the crystalline 


hydrochloride of the thiopseudourea derivative which was readily separated 
NH. 
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from the liquid sulfide (IV.) It was found that ethyl 1-(trichloromethy])vinyl sulfide (IV) is fairly inert to the 
action of ferric chloride. When allowed to stand in presence of ferric chloride at room temperature, it was 
isomerized only to a slight extent into its allyl isomer (III), which was isolated from the reaction mixture as its 
isopseudourea derivative. In contrast, chloro olefins containing the grouping CCl,—C = C— are completely isom- 


erized in the cold into the corresponding allyl isomers [3]. Unlike ethyl 1-(trichloromethyl)vinyl! sulfide (IV), 
which is readily hydrolyzed at the C-S link, 2,2-dichloro-1-(chloromethyl)vinyl ethyl sulfide (III) and its thio- 
pseudourea derivative do not hydrolyze after long heating in a mixture of hydrochloric and acetic acid. The 
addition of sulfenyl chlorides to 3,3,3-trichloropropene provides a good preparative method of obtaining poly - 
chloro dialkyl sulfides. Another method of synthesizing sulfides of this type is the addition of 1,1,1,3-tetra- 
chloro-2-propanesulfenyl chloride to olefins. This sulfenyl chloride is a fairly stable and accessible substance 
obtained by the addition of sulfur dichloride to 3,3,3-trichloropropene [1], It adds readily to propene, isobutene, 
and styrene, 


EXPERIMENTAL 


Preparation of 2-Chloropropyl 2,2,2-Trichloro-1-(chloromethyl)ethyl Sulfide (1) 


a) Reaction of 1,1,1,3-tetrachloro-2-propanesulfenyl chloride with propene. A stream of propene was 
passed into a solution of the sulfenyl chloride in 200 ml of acetic acid for 30 min; the reaction mixture was left 
for one day and then diluted with water. The oil layer was extracted with ether, and the extract was washed with 
water and dried over calcium chloride. Ether was distilled off, and fractionation of the residue gave 5.1 g 
of CClyCH(CH,Cl)—S —CH,CHCICH, (43.5%) b.p. 128-128.5°(3 mm); 1.5428; 1.4717; found MR 62.22; 
calculated MR 62.31. Fouhd: C 24.88, 25.04, H 3.03, 3.05, Cl 61.15, 61.18% CgHgClS. Calculated: C 24.80, 
H 3.10, Cl 61.03%. 


b) Reaction of 3,3,3-trichloropropene with 2-chloro-1-propanesulfenyl chloride. Chlorine was passed at 


room temperature into bis-2-chloropropy! disulfide (nD 1.5170; d4 1.1894). From the reaction mixture we 
distilled a fraction of b.p, 35-40° (4 mm) containing 2-chloro-1-propanesulfenyl chloride. This fraction (3.6 g) 
was slowly added to 3,3,3-trichloropropene (7g) at room temperature. The reaction mixture was left for one day 
and then heated for 90 min, at 50-60°. On fractionation we obtained 2.1 g of the required sulfide; b.p. 114-116° 
(1 mm); n?°D 1.5433; d?°, 1.4688; found MR 62.38; calculated MR 62.31. Found: C 24.84, 24.84, H 3.12, 3.20%, 
CgHyCl,S. Calculated: C 24.80, H 3.10%, 


Reaction of 3,3,3-Trichloropropene with Ethanesulfenyl chloride 


Ethanesulfenyl chloride (14 g) was added slowly at from -5° to -10° to a solution of 23 g of 3,3,3-trichloro- 
propene in 30 ml of dry carbon tetrachloride. The reaction mixture was then heated for one hour at 50°, Frac- 
tionation gave 29 g (83%) of ethyl 2,2,2-trichloro-1-(chloromethyl)ethy] sulfide; b.p. 84-86° (1 mm); np 1.5308; 
d?°, 1.4204; found MR 52.71; calculated MR 52.83. Found: C 24.74, 24.79, H 3.27, 3.07%. CsHgCl,S. Calculated: 
C 24.79, H 3.30%, 


Oxidation of the sulfide by heating it with hydrogen peroxide in glacial acetic acid gave the unsaturated 
sulfone, m.p. 39.5-40° (from alcohol.) Found: C 25,21, 25,20, H 2.81, 2.96, Cl 44.74, 44.61, S 13.45, 13.42% 
CsH7Cl,SO,. Calculated; C 25.30, H 2.95, Cl 44.80, S 13.47%, 


Dehydrochlorination of Ethyl 2,2,2-Trichloro-1-(chloromethyl)ethyl Sulfide 


A solution of 6 g of potassium hydroxide in 2-ethoxyethanol was added with stirring at room temperature 
to 20 g of the sulfide. The reaction mixture was then heated for 20-30 min in a water bath. The mixture was 
diluted with water, and the oil layer was separated, washed with water, and dried. Fractionation gave 12 g 


(57%) of dehydrochlorination product; b.p. 72-76°(3 mm); np 1.5404; a 1.3576; found MR 47.53; calculated a 
MR 47.49. Found: C 28.63, 28.73, H 3.21, 3.19%. CgH7Cl,S. Calculated: C 29.10, H 3.41%, 
Hydrolysis of the Product of the Dehydrochlorination of Ethyl 2,2,2-Trichloro-1- & 
(chloromethyl)ethyl Sulfide 

a)A solution of 10g of the dehydrochlorinated sulfide in 20 ml of glacial acetic acid and 5 ml of concen- a 
trated hydrochloric acid was heated with stirring for three hours. The mixture was diluted with water, and the , 
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oil layer was separated, washed with water, and dried. On fractionation we collected a fraction of b.p. 55-60° 
(60 mm). which consisted of 1,1,1-trichloroacetone. Treatment of 9.8 g of this fraction with a solution of 1 g 
of 2,4-dinitrophenylhydrazine in 1.5 ml of concentrated sulfuric acid and 10 ml of alcohol gave 1.4 g (95%) of 
a hydrazone, which melted at 148-149° after two crystallizations from alcohol. A mixture with known 2,4- 
dinitrophenylhydrazone of ethyl pyruvate [5] melted without depression, Found: C 44.13, 44.31, H 3.82, 4.05, 
N 19.18, 19.22%, CyyHygNgOg. Calculated: C 44.59, H 4.05, N 18.90%, 


b) The dehydrochlorinated sulfide (8 g) was first heated at 75° for 45 min in presence of a little ferric 
chloride and was then hydrolyzed under the conditions of the preceding experiment with subsequent isolation of 
the 2,4-dinitrophenylhydrazone, We obtained 1.9 g of the 2,4-dinitrophenylhydrazone of ethyl pyruvate. 


Preparation of the Picrate of the Thiopseudourea Derivative of 2,2-Dichloro-1- 
(chloromethyl)vinyl Ethyl Sulfide 


A solution of 1 g of the dehydrochlorination product and 0.4 g of thiourea in 10 ml of alcohol was boiled 
for three minutes, and an alcoholic solution of 0.8 g of picric acid was then added. When the solution was cooled, 
we obtained 1.3 g (50%) of the picrate, which melted at 168-169° after recrystallization from alcohol. Found: 
C 30,31, 30.20, H 2.63, 2.82, N 14.52, 14.53, Cl 14.76, 14.88% CyH,gCl,NsO,S,. Calculated: C 30.35, H 2.74, 
N 14.75, Cl 14.98. 


Isolation of Ethyl 1-(Trichloromethyl)vinyl Sulfide 


The dehydrochlorination product (69 g) was treated with a solution of 28 g of thiourea in alcohol. The 
solution was evaporated, and the residue was extracted with hot ether. Fractionation of the oil (22 g) remaining 
after the removal of ether gave 13 g (18.8%) of ethyl 1-(trichloromethy])viny! sulfide; b.p. 54° (1.5 mm); 
n°’ 1.5355; d?°, 1.3427; found MR 47.68. Calculated MR 47.49. Found: C 29,78, 29.50, H 3.17, 3.33% CgH7Cl,S. 
Calculated: C 29.25, H 3.41%, 


With 2,4-dinitrophenylhydrazine in an alcoholic medium in presence of a little sulfuric acid, ethyl] 1- 
(trichloromethyl)vinyl sulfide gave the 2,4-dinitrophenylhydrazone of ethyl pyruvate. Oxidation of 4.5 g of ethyl 
1-(trichloromethy])vinyl sulfide with hydrogen peroxide in glacial acetic acid gave 4 g of a sulfone, m.p. 40.5- 
41.5°, A mixture with the sulfone obtained by the oxidation of ethyl 2,2,2-trichloro-1-(chloromethyl)ethy! sul - 
fide melted without depression. 


A little anhydrous ferric chloride was added to 8 g of ethyl 1-(trichloromethyl)viny1 sulfide. After one 
day the ferric chloride was washed out with hydrochloric acid, and the oil was dried. Distillation gave 5 g of a 
sulfide having b.p. 60-62°(2 mm); n*°D 1.53702 and d*%, 1.3494, Treatment of 4.5 g of this sulfide with 2 g of 
thiourea in alcohol gave 1.1 g of the thiopseudourea derivative (the picrate had m.p. 168-169%; this corresponds 
to about 18% of unchanged starting material. 


Reaction of 1,1,1,3-Tetrachloro-2-propanesulfenyl Chloride with Isobutene 


Isobutene (13 g) was added to a solution of 20 g of the sulfenyl chloride in 150 ml of glacial acetic acid. 
The reaction mixture was left for four days at room temperature. It was diluted with water and the oil was 
separated and dried. Fractionation gave 15.6 g (63.5%) of the adduct; b.p. 93-95° (0.5 mm); nD 1.5363; 
d’°, 1.4218; found MR 66.81; calculated MR 66.93. Found: C 27.65, 27.88, H 3.51, 3.52, Cl 58.34, 58.16% 
CgHy,Cl,S. Calculated: C 27.61, H 3.62, Cl 58.20% 


Dehydrochlorination of the adduct gave a mixture of unsaturated tetrachloro sulfides, which analyzed as 
(n?°D 1.5420; 1.3735). Found: C 30.69; 30.93, H 3.62, 3.69, Cl 53.36, 53.49% 
Calculated: C 31.35, H 3.73, Cl 53.00%, 


Hydrolysis of the dehydrochlorination products with a mixture of acetic and hydrochloric acids resulted in 
the formation of 1,1,1-trichloroacetone, identified in the form of the 2,4-dinitrophenylhydrazone of ethyl pyruvate, 
m.p. 147,5-148.5° (from alcohol.) By treatment of the dehydrochlorination products with thiourea we obtained the 

thiopseudourea derivative, the picrate of which had m.p. 134-135° (from alcohol.) Found: C 31.37, 31.66, H 3.08, 
3.11, C1 19.60, 19.40. CygHygCl];N,0;S,. Calculated: C 31.35, H 2.99, Cl 19.85%, 
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Reaction of 1,1,1,3-Tetrachloro-2-propanesulfenyl Chloride with Styrene 


A solution of 17 g of styrene and 20 g of the sulfenyl chloride in 80 ml of glacial acetic acid was left at 
room temperature for three days. After dilution with water, the oily layer was separated, washed with water, 
and dried. On standing the oil crystallized out. We obtained 24.9 g (91%) of the adduct, which melted at 78-79° 
(from alcohol) after two recrystallizations. Found: C 37.67, 37.65, H 3.27, 3.35, Cl 50.57, 50.31%, Cy)HyyCl,S. 
Calculated: C 37.50, H 3.13, C1 50.40%, 


SUMMARY 


1, A study was made of the addition of ethane- and 2-chloro-1-propane-sulfenyl chlorides to 3,3,3-trichlo- 
ropropene. The direction of addition was contrary to Markovnikov's rule. 


2. 1,1,1,3-Tetrachloro-2-propanesulfenyl chloride readily adds to propene, isobutene, and styrene with 
formation of polychloro dialkyl sulfides. 
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FLUORINE-CONTAINING 8-SULTONES 


COMMUNICATION 1. ADDITION OF SULFUR TRIOXIDE TO FLUORO OLEFINS 


M. A. Dmitriev, G. A. Sokol'skii, and I. L. Knunyants 


Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 847-851, May, 1960 
Original article submitted November 20, 1958 


It is known that the depleted electron density of the m-bond in fluoro olefins is the cause of the readiness 
with which alcohols, amines, and other nucleophilic reagents add to them. As the nucleophilic character of the 
addend diminishes, its reaction with fluoro olefins begins to meet some difficulty. When the addend can also 
show some electron-accepting properties, its addition to fluoro olefins by the ionic mechanism becomes almost 
impossible. It is for this reason that the reaction of electrophilic compounds with fluoro olefins can be effected 
only under conditions for a free-radical mechanism. Thus, the nitration of fluoro olefins, cyclodimerization and 
telomerization, andsome other processes proceed as free-radical reactions. 


However, if the electrophilic character of the addend is more pronounced than that of the fluoro olefin, 

the latter may assume the role of an electron-donating compound. The mutual relations of a fluoro olefin and 

a more strongly electrophilic compound are to some extent reminiscent of those of a system of two acids, one of 
which plays the part of a base in its behavior toward the other as, for example, in the formation of the nitronium 
cation in a mixture of nitric acid and sulfuric acid or hydrogen fluoride. Such “anomalous” behavior of fluoro 
olefins, which is possible only in their reactions with "super-strong” electrophilic reagents, has received scarcely 
any study. It is quite probable that strong aprotic acids, such as aluminum trichloride, boron trifluoride, sulfur 
trioxide, will be found to be addends of this kind. 


Sulfur trioxide is a typical electrophilic addend which readily adds to amines, ethers, alcohols, water, 
alkyl halides, and hydrogen halides, e.g. 


ihe object of attack by sulfur trioxide may be not only an unshared electron pair of a hetero atom, but also the 
m -component of a multiple bond. It is known that in the action of sulfur trioxide (or its compound with pyridine 

or dioxane) on olefins the first stage is the electrophilic addition of a sulfur trioxide group at the double carbon- 
carbon bond. The resulting intermediate ™-complex isomerizes into a dipole in which the sulfur atom is covalently 
bound to a carbon atom having high electron density [1]: 


ve 
+| ~O Cc 


The course of the further change of the dipole depends on the nature of the olefin and the reaction conditions. 
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In particular cases the adducts may be 6-sultones, unsaturated mono- and di-sulfonic acids, substituted carbyl 
sulfates, 5-sultones, or other compounds, e.g. 


-C-C-SO,-0 89, >C-C- SO, 


-C-C-C-SO, 


The addition of sulfur trioxide to halo olefins can also be described by this scheme. Thus, the isolation 
of chlorosulfoacetaldehyde and chlorosulfoacetic acid in the hydrolysis of the produc’s of the reaction of 1,2- 
dichloroethylene [2] and of trichloroethylene [3] with oleum has been explained [4] by the intermediate forma - 
tion of carbyl sulfate derivatives, though these were not isolated. The reaction of sulfur trioxide with fluoro 
olefins has been studied quite inadequately. It is known [5] that tetrafluoroethylene absorbs 47% fuming sulfuric 
acid, but not concentrated sulfuric acid. In 1957 a paper [6] appeared on the preparation of B-sultones by the 
addition of sulfur trioxide to 1,2-dichlorodifluoroethylene, to chlorotrifluoroethylene, and to pentene, heptene, 


nonene, and undecene substituted with chlorine and fluorine (the direction of addition to unsymmetric olefins 
was not proved.) 


We now give the results of an investigation of the reaction of sulfur trioxide with tetrafluoroethylene, with 
chlorotrifluoroethylene, and with hexafluoropropene. It was found that the reaction of fluoro olefins with the 
a-modification of sulfur trioxide (monomeric form stabilized with dimethyl sulfate) already occurs at room tem- 
perature and is considerably accelerated by heat. Thus, when equimolecular amounts of the reactants were heated 
together in an autoclave at 50-70° for 2-4 hr, it was found that all the fluoro olefins and sulfur trioxide reacted, 
As the only product, we isolated the product of the addition of one molecule of sulfur trioxide to one molecule 
of fluoro olefin. It may be supposed that these adducts are four-membered cyclic compounds, i.e. , B-sultones, 
Thus, in the case of tetrafluoroethylene, tetrafluoro-2-hydroxyethanesulfonic acid B-sultone is formed: 


CF,=CF, SO3 CF,--CF,—SO, 
The 8-sultones formed in the reaction of sulfur trioxide with unsymmetric fluoro olefins may differ in 
structure according to the direction of addition. Thus, in the case of chlorotrifluoroethylene two isomeric B - 
sultones may be formed with the chlorine in the 2- or 3-position. In the first case exhaustive hydrolysis of the 
adduct should be accompanied by the liberation of two molecules of hydrogen fluoride, and in the second case 
by the liberation of one molecule of hydrogen fluoride and one molecule of hydrogen chloride: 


CF2-—CFCI—SO, -++ 2H,0 HO—CO—CFCI--SO,—OH 2HF 


CFCI—CF,—SO, + HO—CO—CF,—SO.—-OH-- HF 


It was found that, when a weighed sample of the adduct was treated with aqueous caustic alkali, exactly four 
equivalents of alkali were consumed and two equivalents of fluoride ion, and no chloride ion, were found in the 
solution. From this it may be concluded that the product of the reaction of chlorotrifluoroethylene with sulfur 
trioxide consists of only one of the isomer, namely 1-chlorotrifluoro-2-hydroxyethanesulfonic acid B-sultone. 
Hence, the statement that in this case a mixture of the two isomers is obtained [6] is erroneous. It was similarly 
shown that in the reaction of trifluoroethylene and of hexafluoropropene with sulfur trioxide the respective products 
were 1,2,2-trifluoro- and trifluoro-1 -(trifluoromethy]) -2-hydroethanesulfonic acid 6 -sultones, Hence in all the 
cases examined reaction of unsymmetric fluoro olefins with the a-modification of sulfur trioxide gives 6 -sultones 
containing a 8-difluoromethylene group, i.e., carbon with the least electron density in the B-position. This direc- 


tion of addition of sulfur trioxide to fluoro olefins is fully in accord with modern views on the polarities of sulfur 
trioxide, chlorotrifluoroethylene, trifluoroethylene, and hexafluoropropene. 
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As no case is known of free-radical reaction with the participation of sulfur trioxide, it may be assumed 
that the addition of this addend to fluoro olefins is also a reaction of the ionic type. This view is confirmed by 
the fact that the reaction of sulfur trioxide with fluoro olefins proceeds under relatively mild conditions, the 
direction of addition is strictly definite, and telomer formation is not observed. 


The adducts from sulfur trioxide and fluoro olefins described in this paper are stable compounds, capable 
of being kept for a long time without decomposition, even when heated. Table 1 gives some constants of the 
compounds obtained. 


TABLE 1 


MR 


| 


found | calc, 
| 
33 | 41,6219 | 14,3050 | 21,07 | 20,80 
oO 
CF,-CECI-SO, | 77—78 | 1,7269 | 1,3670 | 25,52 | 25,63 
©. | 
ela 4 104—105 | 1,7082 | 1,3530 | 20,58 20 ,72 
CF, “CHC F a |} 42—43 1 ,6670 | 1,3000 | 26 ,42 26 ,05 


Fluorine -containing 8-sultones are readily soluble in chloroform, carbon tetrachloride, benzene, and 
dimethyl sulfate. They react vigorously with water, alcohols, acetone, carboxylic acids, and amines. An exam- 
ination of reactions of this type will be the subject of the next communication. 


EXPERIMENTAL 


Tetrafluoro-2-hydroxyethanesulfonic acid 8-sultone. A 100-ml steel autoclave was cooled to -100° and 
charged successively with 8.0 g of freshly distilled sulfur trioxide (stabilized with 0.8 g of dimethyl sulfate) and 
10.0 g of tetrafluoroethylene. The autoclave was hermetically closed and warmed up gradually: to 0-10° in the 
course of two hours and then to 60° in a further two hours. The autoclave was cooled to -100° and opened; the 
contents, which amounted to 18.8 g, formed a light-brown liquid, which fumed slightly in air. Two fractionations 
at atmospheric pressure gave 16.2 g (90%) of tetrafluoro-2-hydroxyethanesulfonic acid B-sultone. Found; C 13.14, 
F 41.91, S 18.03%, m.b. 180.5, C,O,F,S. Calculated: C 13,33, F 42.22, S 17.78% m.b. 180.2, The residue (2.3 g) 
was a dark-brown viscous liquid, which partially distilled above 100°, 


1 -Chlorotrifluoro-2-hydroxyethanesulfonic acid 8-sultone. This was prepared in 95% yield from sulfur 


trioxide (stabilized with dimethyl sulfate) and trifluoroethylene by heating them together in an autoclave 
at temperatures up to 70°, Found: C 12.35, F 29.43, Cl 17.88, S 16.01%, m.b. 196.5. C,O0,F,CIS. Calculated: 
C 12,21, F 29.01, Cl 18.07, S 16.28%, m.b. 196.6. 


TABLE 2 


NaOH 


Formula | found calc. 


on | 4,04 | 4,00 2,05 2,00 

CFy-CFCI-80, | 3,96 | 4,00 2,01 2,00 0,00 0,00 

4,02 00 1,98 2,00 
CF, - CF(CF,)—SO, 3,95 | 00 2,02 2,00 
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1,2,2-Trifluoro-2-hydroxyethanesulfonic acid B-sultone. This was prepared in 94% yield from sulfur 
trioxide (stabilized with dimethyl sulfate) and trifluoroethylene by heating them together in an autoclave at 
temperatures up to 50°. Found: C 14.56, F 35.46, S 19.54%, m.b, 161.1. C,HO,F3;S. Calculated: C 14.81, 
F 35.18, S 19.75%, m.b. 162.1. 


Trifluoro-2-hydroxy -1 -(trifluoromethyl)ethanesulfonic acid B-sultone. This was prepared in 92% yield 


from sulfur trioxide (stabilized with dimethyl! sulfate) and hexafluoropropene by heating them together in an 
autoclave at temperatures up to 60°, Found: F 49.96, S 13.63%, m.b. 234.6. C,O3FgS. Calculated: F 49,52, 
13.93%, m.b. 230.2, 


Hydrolysis of B-sultones. A weighed sample of the 6-sultone was treated with excess of 0.1 N aqueous 
NaOH. Excess of alkali was back-titrated to phenolphthalein with 0.1 N HCl. Halide ions were determined in 
the solution: fluoride by thoriometry and chloride by argentometry (Volhard.) 


Table 2 gives the found and calculated values of the alkali equivalence and the amount of halide obtained 
by hydrolysis. 
SUMMARY 


1. A study was made of the reactions of tetrafluoroethylene, chlorotrifluoroethylene, trifluoroethylene, 
and hexafluoropropene with sulfur trioxide. 


2. Fluoro olefins and sulfur trioxide ( a-modification) react in equimolecular proportions with formation 
of fluorine -containing -sultones. 


3. The addition of sulfur trioxide to fluoro olefins occurs in the direction corresponding to the polarities 
of the reactants. 
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ORGANOBORON COMPOUNDS 


COMMUNICATION 56.* SYNTHESIS OF TRIALKYLBORINES 


FROM METABORIC ESTERS AND THEIR CONVERSION INT O DIALKYLBORINIC ESTERS 


B. M. Mikhailov and V. A. Vaver 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 852-856, 1960 

Original article submitted November 3, 1958 


Metaboric esters react with arylmagnesium halides with formation of diarylborinic acids [1]. It may be 
supposed that the analogous reaction between metaborates and aliphatic organomagnesium compounds will provide 
a simple route to the relatively difficultly accessible dialkylborinic acids or their esters. The first experiments 

in this direction appeared to confirm that reaction proceeded in this way. In fact, when a mixture of reactants 
(6-6.5 moles of Grignard reagent per mole of trimeric metaboric ester [2]) was heated for two hours, followed + 
by hydrolysis with dilute hydrochloric acid and removal of solvents and excess of alcohols at atmospheric pressure, 
dialkylborinic esters were isolated in 60-65% yield from the residue. 


A more detailed study of the process showed, however, that the primary products are not dialkylborinic 
esters, but trialkylborines. This was shown by a series of experiments in which after the hydrolysis of the reaction 
mixture solvents and alcohol were removed in a vacuum at low pressure in presence of an excess of water. Under 
these conditions, even with a ratio of Grignard reagent to metaborate of 6 ; 1, the main reaction products were 
trialkylborines (40-45%,) the yield of dialkylborinic anhydrides did not exceed 10%, and 30-35% of the metaboric 
ester remained unchanged. With increase in the amount of Grignard reagent to 9-9.5 moles per mole of trimeric 
metaboric ester, the yield of trialkylborine rose to 70-80% with almost complete utilization of the metaborate 


OR 


-+-9R’MgX — 3R’ B+ 3ROMgX +-3X MgOMeX, 
RO—B B—OR 


\0/ 


where R’=i-CsHz, n-CyHg, R=i-CgHy, cyclo-CsH,,; X=Cl, Br 


In this way we prepared triisopropyl-, tributyl-, and triisopentyl-borines. It should be noted that the 
synthesis of trialkylborines from metaboric esters is very simple and convenient and can be recommended equally 
with the synthesis from boron trifluoride for the preparation of organoboron compounds of this class. 


It was natural to assume that the formation of dialkylborinic esters in our first experiments was to be ex- 
plained by reaction between the primarily formed trialkylborines and alcohol during the distillation of the alcohol 


*For Communication 52 see Doklady Akad, Nauk SSSR 130, 782 (1960); for Communications 53 and 54 see 


Izvest. Akad. Nauk SSSR, Otdel. Khim. Nauk 368, 370 (1960); for Communication 55 see Doklady Akad. Nauk 
SSSR 131, 843 (1960) [see C. B, translations]. 
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at atmospheric pressure. The next stage of the work therefore appeared to be the study of the action of alcohols 
on individual trialkyl borines. These experiments showed, on the one hand, the correctness of this assumption 
and, on the other, the possibility of passing smoothly from various trialkylborines to dialkylborinic esters. 


The reaction between trialkylborines and alcohols was first observed by Meerwein and co-workers [3]. By 
heating triethylborine with 2,2,2-trichloro- or 2,2,2-tribromo-ethanol, they obtained the corresponding 
diethylborinic ester. According to the authors, the reaction was accompanied by the liberation of ethane. 
Ulmschneider and Goubeau [4] found that, when heated for a long time with ethylene glycol or pinacol at 340°, 
trimethylborine is converted into the corresponding cyclic methaneboronic ester with elimination of two molec 
cules of methane. By heating trimethylborine with pyrocatechol at 290°, the same authors obtained the cyclic 
pyrocatechol ester of methaneboronic acid [4]. 


We investigated the action of cyclohexyl, benzyl, 1-methylheptyl, and isopentyl alcohols on triisopropyl-, 
tributyl-, and triisopentyl-borines and found that in all cases the corresponding dialkylborinic esters were formed 
smoothly. Reaction proceeded at 140-160° and was complete in 1.5-2 hours. It was accompanied by the libera - 
tion not only of saturated hydrocarbons, but also of the corresponding unsaturated hydrocarbons and hydrogen. 


The reaction between trialkylborines and alcohols evidently proceeds through the intermediate stage of the 
formation of the formation of the complex compound (I) 


H 


ROH — -~OC 
\ 
R 
(1) 
which may then break down in accordance with (1) with formation of a dialkylborinic acid and a saturated 
hydrocarbon 


H 
RB OC R»BOR’ RH (1) 


R’ 
or may eliminate an olefin and be converted into an unstable complex compound of alcohol and dialkylborine 


H H 
RB--OC RBH-O + olefin (2) 


R’ R’ 


The complex (II) is then converted into a dialkylborinic ester with liberation of hydrogen 


H 
~ RBOR’ + He (3) 
R’ 
It was recently shown that, when heated, triethylborine is slowly converted into dibutylborine and butene 
[5]. The value that we observed for the rate of reaction between trialkylborines and alcohols with liberation of 


olefin indicates that the complexes (I) rapidly break down in accordance with (2), whereas trialkylborines are 
converted only extremely slowly into dialkylborines. 


The relative rates of the two reactions, i.e., that proceeding according to Equation (1) and that proceeding 
according to Equations (2) and (3), are determined by the natures of the trialkylborines and the alcohols. From 
the relative amounts of saturated and unsaturated hydrocarbons formed in the reaction it follows that in the reac- 
tion of 2-octanol with triisopropylborine the ratio of the rates of the above two processes is 1 : 2.5, whereas in 
the reaction of triisopropylborine with cyclohexanol the formation of cyclohexyl diisopropylborinate proceeds 
mainly by the second mechanism [Equations (2) and (3).] The reaction between tributylborine and isopentyl 
alcohol proceeds by both mechanisms, which operate at equal rates. 


The reaction between trialkylborines and alcohols is a very convenient preparative method for the synthesis 
of dialkylborinic esters. The synthesis can be carried out in one stage, without isolating the pure trialkylborines 


(obtained from a metaboric ester or boron trifluoride), by direct treatment of the reaction mixture with the ap- 
propriate alcohol. 
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Trialkylborines react not only with alcohols, but also 
with phenols, with formation of borinic esters. Thus, heating 
.. ea SS of a mixture of phenol and triisopentylborine to 170-180° gave 
< phenyl diisopentylborinate. 


B 


EXPERIMENTAL 


All operations connected with the preparation 
and transformations of trialkylborines were carried out in a 
pure dry nitrogen atmosphere. 


Calculated (%) 


Synthesis of Trialkylborines 


Tributylborine. A benzene solution of 22.5 g (0.075 mole) 
of isobutyl metaborate was added as quickly as possible to a 
SS vigorously stirred solution of butylmagnesium bromide prepared 
= from 18.3 g (0.75 g-atom) of magnesium and 102.8 g 

(0.75 mole) of butyl bromide in 300 ml of dry ether; no cool- 
A. ing was applied. When the vigorous boiling caused by the 
reaction between the metaboric ester and butylmagnesium 
ate is bromide stopped, the reaction mixture was boiled for a further 
= - two hours. When cool, the reaction product was treated with 
a a oe = 325 ml of 7% hydrochloric acid. The ether layer was separated 
oe ee ae and mixed with 40 ml of oxygen-free water. Solvents and 
isobutyl alcohol were removed in a vacuum in presence of 
excess of water, and the residue was separated and fractionally 


distilled. This gave 27.8 g (78%) of tributylborine, b.p. 96-97° 
(17 mm.) 


= Triisopentylborine. Triisopentylborine was prepared 
= under the same conditions as tributylborine. For reaction we 
took 18.3 g (0.75 g-atom) of magnesium, 80 g (0.75 mole) 
< of isopentyl chloride, 250 ml of dry ether, and 22.5 g 

i (0.075 mole) of isobutyl metaborate as a 50% solution in 
benzene. The yield of triisopentylborine, b.p. 114-116° 
(11 mm) and n*°D 1.4321, was 37.9 g (75.1%.) 


1050 (7) 


104.0 


B.p. in °C (p in mm) 


Triisopropylborine. Over a period of 15 min a solution 
ot of 0.9 mole of isopropylmagnesium chloride in 350 ml of dry 
ether was added with vigorous stirring to 35.9 g (0.095 mole) 
of cyclohexyl metaborate; no cooling was applied. The reac- 
tion mixture was boiled for two hours, and solvent was removed 
at atmospheric pressure; triisopropylborine was then distilled 
from the residue of magnesium salts at a residual pressure of 
20 mm. Redistillation gave 26.7 g (66.8%) of triisopropyl- 
borine, b.p. 76-77° (83 mm.) 
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Yield 

( %) 
85, 
87 
86.6 


Reaction of Trialkylborines with Alcohols 


Substance 


1-Methylheptyl diisopropylborinate. A three-necked 
flask fitted with reflux condenser, thermometer, and tube for 
passage of nitrogen was charged with 8.6 g (0.06 mole of 
triisopropylborine and 8.0 g (0.06 mole) of 2-octanol. The 


apparatus was connected through a condenser to a gas holder. 
When the mixture was heated to 130°, a steady evolution of 


gas began. In the course of 90 min the amount of gas attained 
1600 ml and the temperature of the mixture rose to 180°, 
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When the evolution of gas stopped, the apparatus was cooled and purged with 200 ml of pure nitrogen. Analysis 
indicated that the gas mixture contained 0.031 mole of propene, 0.0173 mole of hydrogen, and 0.0116 mole of 
propane. Fractionation of the liquid products gave 10.3 g (74.2%) of 1-methylheptyl diisopropylborinate; b.p. 
119-120° (18 mm); n*°D 1.4202; d*°, 0.7833. Found: C 74.24; 74.31, H 13.98, 13.74, B 5.24, 4.82%; C,4H3;BO. 
Calculated: C 74.33, H 13.81, B 4.78%. 


Cyclohexyl diisopropylborinate, For reaction we took 9.84 g (0.07 mole) of triisopropylborine and an 
equimolecular amount of cyclohexanol. The reaction mixture was heated for two hours and the gas liberated 
amounted to 2900 ml; toward the end of the heating the temperature rose to 190°, Analysis indicated that the 
gas mixture contained 0.049 mole of propene, 0.047 mole of hydrogen, and 0,013 mole of propane. The liquid 
reaction products were vacuum-fractionated. This gave 11.5 g (83.5%) of cyclohexyl] diisopropylborinate; 

b.p. 83.0-83.5°(8 mm); 2°, 0.8314; nD 1.4372, Found: C 73.80, 73.82, H 12.92, 12.74, B 5.36, 5.18%. 
Cy.H)sBO. Calculated: C 73.48, H 12.85, B 5.52%, 


Isopentyl dibutylborinate. A mixture of 15.0 g (0.082 mole) of tributylborine and 7.2 g (0.082 mole) of 
isopentyl alcohol was boiled for two hours, During the boiling the reaction temperature rose from 130° to 210°; 
simultaneously 2500 ml of gas were liberated, and this contained 0.035 mole of butene, 0.037 mole of hydrogen 
and 0.33 mole of butane. Distillation of the liquid products gave 14.6 g (83.6%) of isopentyl dibutylborinate; 
b.p. 114,5-115.5° (15 mm); d?°, 0.7907; n?°D 1.4240. Found: C 73.64, 73.36, H 13.85, 14.01, B 5.27, 5.02%. 
Cy3HgBO. Calculated: C 73.58, H 13.78, B 5.10% 


Phenyl diisopentylborinate, A mixture of 13.2 g (0.06 mole) of triisopentylborine and 5.0 g (0.06 mole) 
of phenol was heated for 90 min at 170-180°, A mixture (3.25 g) of isopentane and isopentene was condensed 
in a trap, which was cooled during the experiment to -75°, Vacuum-distillation of the residue gave 10.9 g 
(75.1%) of phenyl diisopentylborinate, b.p, 122-126° (4 mm.) After redistillation it had: b.p. 121.0-123.5° 
(3 mm); n?°D 1.4712; d*°, 0.8697. Found: C 78,01, 77.98, H 11.27, 11.40, B 4.46, 4.64% CygH,7BO. Calculated: 
C 78.05, H 11.06, B 4.39%, 


Synthesis of Dialkylborinic Esters from Metaboric Esters without the Isolation of 


Trialkylborines 


Over a period of 10-15 min 0.055 mole of isobutyl metaborate as a 50% benzene solution was added to a 
vigorously stirred solution of 0.5 mole of alkylmagnesium halide in 2 moles of ether; no cooling was applied. 
When the evolution of heat stopped, the reaction mixture was boiled for two hours and then treated with 225 ml 
of 7% hydrochloric acid. The organoboron layer was separated and evaporated down; it was then heated for two 


hours with the appropriate alcohol, after which the mixture was vacuum-distilled. The results are given in the a 

table. All the dialkylborinic esters obtained are colorless mobile liquids which mix in all proportions with most es 
organic solvents; they oxidize in air. a 

SUMMARY an 


1. Metaboric esters react with alkylmagnesium halides with formation of trialkylborines. 


2. When heated with cyclohexanol, benzyl alcohol, 2-octanol, isopentyl alcohol, or phenol, trialkylborines 
are converted smoothly into the corresponding dialkylborinic esters. 
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INFRARED ABSORPTION SPECTRA OF POLYALUMINOORGANOSILOXANES 
AND POLYTITANOORGANOSILOXANES 
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Infrared spectroscopy has been extensively applied in the investigation of organosilicon compounds. Thus, 
the spectra of various orthosilicic esters Si(OR), have been studied [1]. An intense narrow band at 1090 cm! was 
observed in the spectrum of methyl orthosilicate. As R increases in size this band becomes more complex, but its 


general maximum maintains its position near 1060 cm™'; it is associated with the vibration of the Si-O bond in 
the Si-O-C linkage. 


Infrared spectroscopy has been applied also in the investigation of polyorganosiloxanes, for which the Si-O 
absorption lies in the range 1010-1090 cm-'. Thus, for cyclotetrasiloxanes an intense absorption band was found 
at 1080-1090 cm~' (2, 3]. Linear polyorganosiloxanes from hexamethyldisiloxane to octadecamethyloctasiloxane 
and cyclic polyorganosiloxanes from decamethylcyclopentasiloxane to hexadecamethylcyclooctasiloxane absorb 
in the range 1080-1030 cm=' [2]. The absorption of cyclotrisiloxanes lies at the lower limit of the range (1020- 


1010 cm=') [2, 3]. The replacement of methyl! groups on the silicon atom by ethyl] or phenyl has no appreciable 
effect on the position of the Si-O absorption band. 


In pure SiO, strong absorption is found at the frequency 1100 cm™! [4, 5]; opal (SiO, * nH,O) gives intense 
absorption at 1090 cm~! [6]. The vibration spectra of natural minerals containing silicon and aluminum are 
described in the literature. For example, in kaolin vibration frequencies of 1040 and 930 cm™! have been observed 
[6]; in microcline and orthoclase(KA1Si,O3,) and also in anorthoclase and albite (NaA1Si,O,) frequencies in the range 
1100-1000 cm~! have been observed [6, 7, 8]; and nepheline (NaA1SiO,) had a band at 1000 em™! [6]. Vibration 
frequencies of 931 and 1191 cm™ have been observed for natural corundum, and of 1150 and 945-980 cm~! for 
aluminum hydroxide [9]. The infrared spectra have been determined also for the aluminum salts of saturated 
organic carboxylic acids (from acetic to stearic, inclusively) and for aluminum diacetate hydroxide [10-12]. The 
spectra of all these compounds show strong absorption with a maximum at 980 em™ 


. For aluminum alkoxides 
Al(OR), frequencies in the range 1028-1070 cm™! were observed [13]. 


It was of interest to study the vibration spectra of the new synthetic polymers, namely polyaluminomethyl- 
siloxane, polyaluminoethylsiloxane, polyaluminophenylsiloxane, polytitanomethylsiloxane, polytitanoethylsiloxane, 
and polytitanophenylsiloxane, with the object of elucidating the strucrure of such polymers. For this purpose we 
studied the absorption spectra of the monomeric compounds tristrimethylsiloxyaluminum, tristriethylsiloxyaluminum, 
and tetrakistriethylsiloxytitanium, which contain Si-O-Al and Si-O-Ti bonds, and also of the polymers polymethy1- 
siloxane, polyethylsiloxane, and polyphenylsiloxane, which contain only Si-O-Si bonds, The objects for investiga - 
tion were as follows: 1) Tristrimethylsiloxyaluminum Al[OSi(CHg)3],, m.p. 98-100°, soluble in benzene, toluene, 
and carbon tetrachloride; prepared by the method described in the literature[14]. 2) Tristriethylsiloxyaluminum 
AI[OSi(C,Hs)3k, M.p. 327°, soluble in benzene, toluene, and carbon tetrachloride; prepared by the method described 
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Fig. 1. Infrared absorption spectra: (a) 1) Polyaluminomethyl- 
siloxane; 2) polyaluminoethylsiloxane; 3) polyaluminophenyl- 
siloxane; (b) 1) Polytitanomethylsiloxane; 2) polytitanoethyl- 
siloxane; 3) polytitanophenylsiloxane. 


in the literature [14]. Tetrakistriethylsiloxytitanium Ti[OSi(C,Hg)3], 
the properties and method of preparation of this compound are described 
in the literature [14].* 4) Polymethylsiloxane (CHjSiO,;,5)n, which was 
prepared by the hydrolysis of trichloromethylsilane by the method de- 
scribed in the literature [15]. 5) Polyethylsiloxane (C,H,SiO,,5)y, which 
was prepared by the hydrolysis of trichlorophenylsilane by the method 
described in the literature [16]. 7) Polyaluminomethylsiloxane, which 
was prepared by double decomposition between the monosodium deriv - 
ative of methylsilanetriol and aluminum chloride; the ratio of the 
numbers of silicon and aluminum atoms in the polymer was 4. 8) 
Polyaluminoethylsiloxane, which was prepared by double decomposi - 
tion, as described in the literature [16]; the ratio of the numbers of 
silicon and aluminum atoms in the polymer was 4.75, and the average 
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Fig. 2. Infrared absorption spectra: molecular weight was 40,000, 9) Polyaluminophenylsiloxane, which 

1) tristrimethylsiloxyaluminum; was prepared by double decomposition, as described in the literature H 

2) tristriethylsiloxyaluminum; 3) [16]; the ratio of the numbers of silicon and aluminum atoms. in the = 

tetrakistriethylsiloxytitanium; 4) polymer was 4, and the average molecular weight was 7230, 10) 2 - 

tetrakistrimethylsiloxytitanium; Polytitanomethylsiloxane, which was prepared by the method described 7 

5) hexaethyldisiloxane. in the literature [15]; the ratio of the numbers of silicon and titanium 
atoms in the polymer was 3.8. 11) Polytitanoethylsiloxane, the prep - : 

aration of which was analogous to that of polytitanomethylsiloxane [15]; the ratio of the numbers of silicon and 

titanium atoms was 4, and the average molecular weight was 9300, 12) Polytitanophenylsiloxane, which was ae 

prepared in the same way as the preceding polytitanoorganosiloxanes by double decomposition [15]; the ratio of a 

the numbers of silicon and titanium atoms in the polymer was 4, and the average molecular weight was 1500. : 

EXPERIMENTAL 
The infrared absorption spectra were determined on an IKS-11 photorecording spectrometer with lithium 
fluoride and rock salt prisms. The source of radiation was the IKR-1, which is of the Nernst glower type. The 
compounds were used as 10% solutions in carbon tetrachloride and benzene, and also as pastes in carbon tetra - it 


chloride and in medicinal petrolatum. In the last case the thickness of the layer was not checked. 


The table gives the frequencies of absorption bands observed in the range 1200-800 cm~! for tristrimethy1- 
siloxyaluminum, tristriethylsiloxyaluminum, tetrakistriethylsiloxytitanium, polyaluminomethylsiloxane, 


* Tristrimethylsiloxyaluminum, tristriethylsiloxyaluminum, and tetrakistriethylsiloxytitanium were synthesized 
by A. A. Kazakova. 
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Fig. 3. Infrared absorption spectra: (a) 1) polymethylsiloxane; 
2) polytitanomethylsiloxane; 3) polyaluminomethylsiloxane (b) 


—polyethylsiloxane; — *— + — + polytitanoethylsiloxane;—- — 
—polyaluminoethylsiloxane. 


polyatuminoethylsiloxane, polyaluminophenylsiloxane, polytitanomethylsiloxane, polytitanoethylsiloxane, poly - 


titanophenylsiloxane, polymethylsiloxane, polyethyisiloxane, and polyphenylsiloxane. The absorption spectra of 
these compounds are shown in Figs. 1, 2, and 3. 


Tristrime thylsiloxyaluminum (Fig. 2) has an intense band at 1064 cm~', Comparison of this frequency with 
the frequency 1065 cm~' belonging to Si-O vibration in tetratrimethylsiloxysilicon [1] and hexamethyldisiloxane 
[2] gives grounds to suppose that the vibrations of the Si-O bond are similar in the Si-O-Si and Si-O-A1 groups, 
i.e., replacement of silicon by aluminum does not cause appreciable change in the vibration frequencies of this 
bond. This is confirmed by the observed frequency of 845 cm~ for tristrimethylsiloxyaluminum; this is associated 
with the vibration of Si-C bond in Si(CHg)3, and is equal to the vibration frequency of Si-C in the same group in 
hexamethyldisiloxane [2] and tetrakistrimethylsiloxysilicon [1]. For tristriethylsiloxyaluminum (Fig. 2) some 
lowering of the vibration frequency of the Si-O bond to 1055 cm™! is observed, which may be explained by in- 
crease in the size of the hydrocarbon group (for comparison the spectrum of hexaethyldisiloxane [17] is given in 
Fig. 2.) In the spectrum of tetrakistriethylsiloxytitanium Ti{OSi(C,H,),), no absorption is observed in the range 
1070-1050 cm-'. Instead there appears a new intense band at 916 cm~!, which most probably is determined by 


vibrations of the Ti-O-Si group; it coincides within the limits of experimental error with data in the literature 
for (919 cm-') and Ti[OSi(CgH,)3], (926 cm 


Examination of the spectra of polyaluminomethylsiloxane, pelyitenemsatgnesanene and polymethyl- 
siloxane shows that they are identical in the ranges 3100-1150 and 900-800 cm™. Polyaluminoethylsiloxane, 


polytitanoethylsiloxxane, and polyethylsiloxane, and also polyaluminophenylsiloxane, polytitanophenylsiloxane, 


and polyphenylsiloxane are similar among themselves in the same regions. For all the polymers listed, differ- 


ences in spectrum were observed only in the range 1150-900 cm~', On comparison of the spectra of polytitano- 


organosiloxanes with those of polyaluminoorganosiloxanes and polyorganosiloxanes in the range 1150-900 cm~', 
we observed a new line at 922 cm“! for polytitanophenylsiloxane, and at 917 and 914 em-, respectively, for 
polytitanomethyl- and polytitanoethyl-siloxanes (Fig. 3.) We associate these frequencies with the Ti-O bond 
in the Ti-O-Si group. In the spectra of polyaluminoethylsiloxane and polyaluminophenylsiloxane in the same 
range (1150-900 cm-~',) the increase in the intensity of the band at 1100-1060 cm”! is notable; it diminishes 
with diminution of the aluminum contents of these polymers (Fig. 1a and 2 (4).] We attribute this absorption 

to the Al-O bond in the Al-O-Si group. In the monomers tristrimethylsiloxyaluminum and tristriethylsiloxy - 
aluminum, the vibration frequency of the Si-O bond is close to 1060 cm™~!, but for polyphenylsiloxane, polyalu- 
minophenylsiloxane, and polytitanophenylsiloxane there are two bands: a very intense one at 1099 em” and 
weak one at 1059 cm-'. The maximum of the intense band is probably still more displaced in the direction of 
increased intensity, but the accuracy with which it can be measured is rendered difficultly by the superposition 
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Frequency (cm 


O-Al 


si- 


Tristrimethylsiloxyaluminum 


Tristriethylsiloxyaluminum 

Tetrakistriethylsiloxytitanium 10021 
996 

Polyaluminoethylsiloxane 18 

050 

| 1036 

Polyaluminomethyloxane 248 1109 

1060 

1036 

Polyaluminophenylsiloxane 1099 


1057 
Polytitanomethylsiloxane 


Polytitanoethylsiloxane 


Polytitanopheny siloxane 1130] 1099}1016 


1059) 985 
Polymethylsiloxane 1122 


1036 
Polyethylsiloxane ‘ 1120 950 


1036 946 
Polyphenylsiloxane 1104/1016 


1059] 985 950 


of the absorption band of the silicon-attached phenyl at 1130 em”, For : 
polyethylsiloxane, polyaluminoethylsiloxane, and polytitanoethylsiloxane 
frequencies of 1109 cm™! (strong) and 1036 cm™! (weak) were observed, 


and for polymethylsiloxane, polyaluminomethylsiloxane, and polytitano- 


methylsiloxane there were frequencies of 1100 cm“! (strong) and 1030 cm=! 
(weak.) 


The high frequencies of the vibrations of Si-O bonds in polyphenyl- 
siloxane, polyaluminophenylsiloxane, and polytitanophenylsiloxane, and 
also in polyethylsiloxane, polyaluminoethylsiloxane, polymethylsiloxane, 
polyaluminomethylsiloxane, and polytitanomethylsiloxane, may be the 
result of the presence of tetrameric siloxane rings, for in the case of 
cyclotetrasiloxanes, irrespective of the organic groups attached to silicon, 
higher Si-O vibration frequencies of 1080-1090 cm! are observed [2, 3]. 
The appearance of a weak maximum in the absorption band can be ex- 
plained by the presence of very small amounts of trimeric polysiloxane 
rings and linear sections of the chain, and also by the mutual orientation 
Fig. 4. Relation of the absorption of the organosiloxane rings in space. On the basis of our results it may 
intensity to the relative numbers be supposed that the polyorganosiloxanes, polyaluminoorganosiloxanes, 
of silicon and aluminum atoms in and polytitanoorganosiloxanes that we investigated are polymers in which 
the polymer. Si/A1 ratio: the main chains have mainly a linear-cyclic structure containing mainly 
1) 20 tetrameric siloxane rings connected together with oxygen atoms. 

2) | polyaluminophenylsiloxanes 

3) 4 

4) 25 

5) | polyaluminoethylsiloxanes 
6) 5 
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Such a structure for the polymeric chains is in close accord with 


chemical analytical data [16, 18] and with the good solubility of the 
polymers in organic solvents. 


In one investigation [19, 20], in the study of the infrared absorption 
spectrum of octaphenyl-1,7-tetrasilanediol titanate, the splitting of the 
Si-O absorption band into two frequencies, 1093 and 1066 cm™', was again 
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observed. The authors explained the higher frequency (1093 cm™') asa sign of the presence of tetrameric siloxane 
rings, and the splitting of the Si-O absorption band into two they explained by the mutual perpendicularity of the 
rings in space. 


SUMMARY 


1, Infrared absorption spectra were determined for polyaluminomethylsiloxane, polyaluminoethylsiloxane, 
polyaluminophenylsiloxane, polytitanomethylsiloxane, polytitanoethylsiloxane, polytitanophenylsiloxane, poly - 
methylsiloxane, polyethylsiloxane, and polyphenylsiloxane. 


2. Frequencies characteristic for vibrations of the Al-O bond in Al-O-Si in polyaluminomethylsiloxane, 


polyaluminoethylsiloxane, and polyaluminophenylsiloxane lie in the range 1080-1050 em}, 


3. Frequencies characteristic for vibrations of the Ti-O bond in Ti-O-Si in polytitanomethylsiloxane, 
polytitanoethylsiloxane, and polytitanophenylsiloxane lie in the range 922-914 em”, 


4, The main chains of polyaluminomethylsiloxane, polyaluminoethylsiloxane, polyaluminophenylsiloxane, 
polytitanomethylsiloxane, polytitanoethylsiloxane, polytitanophenylsiloxane, polymethylsiloxane, polyethylsiloxane, 
and polyphenylsiloxane have linear-cyclic structures in which mainly tetrameric siloxane and organometallosiloxane 
rings are connected together through oxygen atoms. 
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SYNTHESIS OF ORGANOMERCURY NITRO COMPOUNDS 


COMMUNICATION 3. REACTION OF MERCURY SALTS OF TRINITROMET HA NE 


WITH NITRO DERIVATIVES OF AROMA TIC COMPOUNDS 


S. S. Novikov, T. I. Godovikova, and V. A. Tartakovskii 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No, 5, 
pp. 863-865, 1960 

Original article submitted July 19, 1958 


In previous communications [1, 2] we showed that the mercury salt of trinitromethane is a new universal 
mercurating agent for aliphatic compounds containing a mobile hydrogen atom, and also for aromatic and 
heterocyclic compounds, It was found [1] that some aromatic compounds are mercurated with the mercury salt 
of trinitromethane under milder conditions than those required by other mercury salts. In the present work an 
attempt was made to mercurate various aromatic nitro compounds with the mercury salt of trinitromethane with 
the object of studying the relative ease of reaction. 


It is known that aromatic nitro compounds are mercurated less readily than the corresponding hydrocarbons, 
Nitrobenzene is mercurated when heated to 150° with mercuric acetate in absence of solvent, and the main prod- 
ucts is the o-isomer [3]. Depending on the conditions, nitrotoluenes are mercurated either in the nucleus or in 
the side chain: boiling in alkaline solution with mercuric oxide gives nitrobenzyl and nitrobenzylidene mercury 
derivatives [4], whereas heating of nitrotoluenes to 140-150° with mercuric acetate in absence of solvent gives 
compounds mercurated in the nucleus [5, 6]. 


We investigated the reaction of the mercury salt of trinitromethane with nitrobenzene, m-dinitrobenzene, 
o-nitrotoluene, and o-nitroanisole in butyl alcohol at 117° or dibutyl ether at 100° and found that the reaction 
goes in an extremely peculiar way. According to the elementary analyses and the chemical properties of the 
products they are complex addition products formed from one molecule of the mercury salt of trinitromethane 
and one molecule of the aromatic nitro compound; e.g., for nitrobenzene: 


NO, 
| 


| He 


The action of strong electrolytes results in the breakdown of these complexes with formation of the original 
aromatic nitro compound and transformation products of the mercury salt of trinitromethane. Thus, by the action 
of potassium hydroxide on the complex formed by the mercury salt with nitrobenzene we isolated nitrobenzene, 
mercuric oxide, and the potassium salt of trinitromethane: 


NO. NO, 
| | 


ON On 
| Hg [C(NOs)s]2 + 2KOH | + HgO ++ 2KC (NOs), H,O 
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We did not succeed in mercurating these aromatic nitro compounds under more severe conditions, because 
with rise in temperature the main reaction became the thermal decomposition of the mercury salt of trinitro- 
methane [1]. Increase in the duration of reaction also led only to greater decomposition of the salt. 


The mercury salt of trinitromethane does not react with 3,5-dinitrotoluene, 3,5-dinitroanisole, and 1,3,5- 
trinitrobenzene, i.e., with compounds containing substituents meta to the nitro group. This observation suggests 
the following structure for the complex; 


77 


™ C(NO,); 
i.e., a bond is established between the negatively polarized m-carbon atom of the aromatic nucleus and the 


mercury atom, which is positively polarized under the influence of the trinitromethyl group. 


EXPERIMENTAL 


Reaction of the Mercury Salt of Trinitromethane with Nitrobenzene 


+ Hyg CoHsNO2-Hg [C (NOs)g]2 


To a solution of 25 g (0.05 mole) of the mercury salt of trinitromethane in 50 ml of butyl alcohol we 
added 6.2 g (0.05 mole) of nitrobenzene, and the reaction mixture was boiled for 3.5 hours, The mixture was 
then filtered, butyl alcohol was vacuum-distilled off, and the crystals that separated were washed with water 
and recrystallized from carbon tetrachloride; m.p. 116°; yield 17 g (55%). Found: C 15,50, 15.67, H 0.81, 
0.91, N 15.54, 15.48% CgHsO,4N;Hg. Calculated: C 15.40, H 0.80, N 15.72% 


Reaction of 40% Potassium Hydroxide wit with the Product Formed from the Mercury 


Salt of Trinitrome thane and Nitrobenzene 


CoH Hg [C + 2K OH — + 2KC (NOg), + HgO + 


CgHsNO, * Hg[C(NO,)3}) (17 g) was treated with 20 ml of 40% KOH at room temperature; a yellow precip- 
itate formed and was filtered off. The filtrate was extracted several times with ether, from which, after drying 
over calcium chloride and removal of solvent, we isolated nitrobenzene; b.p. 105° (30 mm); n*°p 1.5519; yield 
3 g (89%). The literature [7] gives: b.p. 108° (30 mm); n 1.5529, 


The precipitate formed in the reaction was treated with acetone, in which it was partly soluble. The 
acetone -insoluble part was mercuric oxide; yield 5.7 g (96.5%.) From the acetone extract we isolated the po- 
tassium salt of trinitromethane; decomp. temp. 97°; yield 9.4 g (90.5%) * 


Reactions of the Mercury Salt of Trinitromethane with m-Dinitrobenzene and with 


o-Nitrotoluene 


NO: 
| | | [C 
\ 

| 

NOs 7 NOs 

CH, 
_NOs —NO, 
| | -Hg [C 


The reactions of the mercury salt of trinitromethane with m-dinitrobenzene and with o-nitrotoluene were 
carried out under the same conditions as the reaction with nitrobenzene. The complex farmed with m-dinitrobenzene 


*The products formed from the mercury salt of trinitromethane with m-dinitrobenzene, o-nitrotoluene, and 
o-nitroanisole react with 40% KOH in an analogous way. 
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melted at 147°(from carbon tetrachloride;) yield 60% Found: C 14.45, 14.41, H 0.94, 0.80% CgHyOygNgHg. 
Calculated: C 14,72, H 0.61%, 


The product of the reaction of the mercury salt of trinitromethane with o-nitrotoluene had m.p. 75° (from 
carbon tetrachloride); yield 55.5%, Found: C 16,82, 17.06, H 0.87, 0.95%. CgH;Oj4N7Hg. Calculated: C 16,94, 
H 1.10%, 


Reaction of the Mercury Salt of Trinitromethane with o-Nitroanisole 


| 
\—NOs ( S—NO; 
\4 \F 


A solution of 6 g (0.012 mole) of the mercury salt of trinitromethane in 10 ml of butyl alcohol was boiled 
with 2 g (0.012 mole) of o-nitroanisole for two hours. After the removal of the alcohol at reduced pressure, 
crystals separated and were dried on a porous plate and recrystallized from carbon tetrachloride; m.p. 109°; 
yield 51%, Found: C 16.36, 16.48, H 1.13, 1.06, N 14,84, 15.26%. CgH;O,sN,Hg. Calculated; C 16.53; H 1.07, 
N 15.00%, 


SUMMARY 
1, The reaction of the mercury salt of trinitromethane with aromatic nitrocompounds was studied. 


2. Unlike other mecurating agents, the mercury salt of trinitromethane forms addition products with 
aromatic nitro compounds in which one molecule of the salt and one of the aromatic nitro compound are combined. 


3. A structure is proposed for the complex. 
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INVESTIGATIONS WITH COMPOUNDS LABELED WITH AND 


COMMUNICATION 10. STUDY OF ISOMERIZATION REACTIONS 


OF AZOXY COMPOUNDS WITH THE AID OF N'5* 


M. M. Shemyakin, V. I. Maimind, and B, K. Vaichunaite 


Institute of Biological and Medicinal Chemistry, Academy of Medical Sciences 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 866-871, 1960 

Original article submitted June 10, 1958 


It is known that the character and mechanism of various isomerizations of azoxy compounds into o- and 
p-hydroxy azo compounds (Wallach rearrangement and related reactions) have received little study until recently. 
As the usual chemical methods of investigation are not very promising in this field, we used the method of labeled 
atoms (in the first.place N’, and then 0"*) in the study of these reactions. 


As the main object of our investigations we selected unsubstituted azoxybenzene labeled with N’ on one 
atom of nitrogen, i.e. CgH;N'(0) = N'®c,Hs. In the study of various isomerizations of this azoxybenzene into 
o- and p-(phenylazo)phenols, we were interested in the first place in the question of which of the benzene rings of 
the hydroxy group enters in the rearrangement. This question, previously studied only for substituted azoxyben- 
zenes [3-7], has not been adequately resolved, and this has rendered the investigation of the mechanism of such 
isomerizations very difficult. Only considerations of a hypothetical character are to be found in the literature 
[5-11], and these have inadequate experimental basis. 


We studied the isomerization of labeled azoxybenzene under various conditions; under the action of sulfuric 
and chlorosulfonic acids, when heated with acetic anhydride, and also under the action of ultraviolet radiation. 
The distribution of labels in the resulting o- and p-(phenylazo)phenols was determined by reductive cleavage 
(Sn + HC1) to aniline and o- or p-aminophenol, which were isolated as their acetyl derivatives. The isotopic 
composition of the nitrogen atoms of the latter, determined by the usual method [12], enabled us to determine 
which benzene ring the hydroxy group entered during the isomerization of azoxybenzene. 


The labeled azoxybenzene that we required could not be synthesized by the simplest route, namely by 
azoxy, coupling of CgH;N'°O with CgH;N“HOH (or the reverse,) because in this case the process occurs via the 
formation of an intermediate dihydroxy compound of the type ArN(OH)—N(OH)Ar, which results in the leveling 
of the isotopic compositions of the nitrogens in the resulting azoxybenzene [12]. Hence, CgH;N'(0) = N'§c,H, 
was prepared by the scheme given below, which is analogous to previously described [13, 14] syntheses of substi- 
tuted azoxybenzenes [significant changes were introduced only at the last stage, the decarboxylation of o-(phenyl- 
azoxy )benzoic acid). 


Na,CO, 


= N*8CgH; ——— CoH = 
*For Communication 9 see [1]; for the preliminary results of this work see [2]. 
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As regards the determination of the isotopic composition of the nitrogen atoms in the azoxybenzene ob- 
tained, this was carried out by its bromination and subsequent reduction, and aniline and p-bromoaniline were 
isolated as their acetyl derivatives (for greater detail see [12]): 


Br, Sn + HC) 
Cel (( I; Cel (QO): Col i H.NUC.HyBr-p 


The results of mass-spectrometric measurements showed that the azoxybenzene synthesized did in fact 
have the structure CgH,N“(O) = N'5C,Hs. All the investigations described below were carried out with this labeled 
azoxybenzene. When it was treated with sulfuric acid at various temperatures or with chlorosulfonic acid under 
cooling, we obtained quite unexpected results: the formation of p-(phenylazo)phenol was accompanied by com- 
plete leveling out of the isotopic composition of both nitrogen atoms, from which it follows that the two benzene 
rings were hydroxylated to an equal extent. It was shown that the observed leveling of the labeling occurred dur- 
ing the actual isomerization of azoxybenzene into p-(phenylazo)phenol, and not before this, because the isotopic 
compositions of the nitrogen atoms in the azoxybenzene that had not reacted were found to be almost unchanged. 


H,SO, 


All the views advanced in the literature [5, 6, 8-11] about the mechanism of the Wallach rearrangement 
and related reactions conflict with the observed phenomenon and cannot explain how it arises. The view that 
the rearrangement of azoxybenzene is preceded by its reversible isomerization must also be rejected. 


(0) 


On the other hand, it was found that this rearrangement is not associated with preliminary conversion of azoxy- 
benzene into azobenzene, which is then hydroxylated, because we showed that addition to the reaction medium 

of unlabeled azobenzene does not result in dilution of the labeling of the p-(phenylazo)phenol. There can be no 
doubt, however, that the leveling of the isotopic compositions of the nitrogen atoms in the end product, p-(phenyl- 
azo)phenol is due to symmetrization of the original molecule at one of the intermediate stages of the rearrange- 


ment. In our opinion, such symmetrization is possible as a result, for example, of the formation of an oxygen- 
containing compound of epoxide character: 


+ 
CH, —— CoH NU CoH, OH-p + 


Under the action of ultraviolet radiation the isomerization of labeled azoxybenzene proceeded in a quite 
different way: in this case no leveling of the isotopic compositions of the nitrogen atoms was observed in the 
o-(phenylazo)phenol formed, and the higher concentration of N'> was found at the nitrogen atom attached to the 
benzene ring containing the hydroxy group. Hence, under these conditions isomerization does not proceed via 


the formation of an intermediate symmetric compound and the hydroxy group enters only that benzene ring which 
is remote from the NO group (cf. [7].) 


CoH (O) 


Finally, we investigated the rearrangement of labeled azoxybenzene into o-(phenylazo)phenol produced 
by heating it with acetic anhydride (230-240°). This reaction proceeded inthe same way as that promoted by 
ultraviolet irradiation, i.e., there was no leveling of labeling and the higher concentration of N'® was found at 
the nitrogen atom of o-(phenylazo)phenol which was attached to the benzene ring containing the hydroxy group. 


It follows from the results of these investigations that there exist at least two types of rearrangements of 
azoxybenzene and probably other azoxy compounds; 1) the rearrangement of azoxybenzene into p-(phenylazo)- 
phenol via a symmetric intermediate compound, in which case both benzene rings are hydroxylated to an equal 
extent; 2) the rearrangement of azoxybenzene into o-(phenylazo)phenol without an intermediate symmetrization 
stage, in which case the benzene ring remote from the NO group is hydroxylated. 


In the case of azoxybenzene the mechanism of the rearrangement depends only on the reaction conditions, 
but in the case of substituted azoxybenzenes there may also be the effect of the substituents. The elucidation 


of this matter and also the further study of the mechanism of rearrangements of this kind we plan to carry out 
not only with N’*, but also with 0!°, 
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EXPERIMENTAL 


1, Preparation of azoxybenzene-N". As starting compound we took aniline-N'5, which was prepared by 
the decarboxylation of anthranilic-N"® acid [15] containing 5.10 atoms percent of n'5, A mixture of 0.076 mole 
of o-nitrobenzaldehyde and 0.075 mole of aniline -N'5 was heated at 110-120° until solution was complete, and 
the resulting azomethine was converted under conditions analogous to those described previously [13] into 2- 
anilino-N'>-20-nitrophenylacetonitrile [yield 82%; m.p. 139-140° (from alcohol)], from which we prepared 
2-pheny1l-2H-indazole -2-N'5-3-carbonitrile 1-oxide (yield 98%; m.p. 189-190° after two crystallizations from 
alcohol), and finally o-(phenylazoxy)benzoic-N’® acid [yield 80%, m.p, 105-106° (from benzene))]. 


To determine the isotopic composition of the nitrogen atoms, a stirred mixture of 1 g of o-(phenylazo)- 
benzoic-N"® acid, 1 g of fine tin turnings, and 12 ml of concentrated hydrochloric acid was heated in a water 
bath until the tin dissolved. Two further 0.5 g portions of tin were added, and heating was continued until a 
clear solution was formed. After neutralization to pH 3.5-4.5 the antranilic acid that separated was filtered off, 
washed with 3 ml of water, and recrystallized from water in presence of activated charcoal; yield 54%; m.p. 144- 
145°. The mother liquor was made alkaline to pH 9-10, and aniline was steam-distilled off. The distillate (40- 
50 ml) was saturated with sodium chloride and extracted with ether; ether was distilled off, and the aniline was 
acetylated with acetic anhydride. The yield of acetanilide was 60%; m.p. 113-114°(from water in presence of 
activated charcoal.) The resulting anthranilic acid contained 0.39 atom percent of N'5. and the acetanilide con- 
tained 5.12 atoms percent of N}5 (the determination was carried out under the usual conditions; see [12].) 


For decarboxylation 6.8 g of o-(phenylazoxy)benzoic-N'® acid was heated(120-130°)with stirring with 40 ¢ copper 
turnings and 1.5 g of cupric acetate in 50 ml of freshly distilled quinoline until the liberation ot carbon dioxide 
ceased (about 90 min.) The solution was decanted, and the precipitate was washed with four 25 ml portions of 
benzene. The washings were combined with the reaction solution, and the mixture was extracted with 10% hydro- 
chloric acid until the quinoline was removed completely and then with 10% NaOH solution until the alkaline 
layer became colorless. The benzene solution was dried with calcium chloride, benzene was distilled off, the 
residue was dissolved in 50 ml of petroleum ether, and after filtration solvent was again distilled off. When codl, 
the residual orange oil gradually crystallized out. The resulting azoxybenzene -N'5 (5.03 g; yield 90%) was dis- 
solved in petroleum ether and subjected to chromatography on alumina. After elution with petroleum ether and 
removal of solvent, the azoxybenzene-N'® (m.p. 36°) was recrystallized again from petroleum ether. 


The isotopic composition of the nitrogen atoms of azoxybenzene was determined as described previously 
[12]. The resulting acetanilide contained 0.60 atom percent of N'®, and the p-bromoacetanilide contained 
5.06 atoms percent of N'®, These results indicate a small (9%) leveling out of the isotopic compositions of the 
nitrogen atoms of azoxybenzene, which evidently occurred during the synthesis. This azoxybenzene was used in 
the study of all the rearrangements described below. 


2. Rearrangement of azoxybenzene-N™® in presence of chlorosulfonic acid. a) From 2 g of azoxybenzene- 
N’S and 11 ml of chlorosulfonic acid under the conditions described by Lukashevich [6] we obtained 1.1 g (55%) 
of p-(phenylazo)phenol, m.p. 155-156° (from benzene), which was then subjected to reductive cleavage as in the 
case of o-(phenylazoxy)benzoic acid (see Expt. 1.) To the clear solution formed after the reduction we added 
25 ml of 40% NaOH, and aniline was steam-distilled off and isolated as in Expt, 1 in the form of acetanilide 
(yield 67%; m.p. 113-114°). The residue in the distillation flask was neutralized to pH 7 and repeatedly extracted 
with ether; ether was distilled off, and the resulting p-aminophenol was acetylated with acetic anhydride. The p- 
acetamidophenol obtained was recrystallized from water in presence of activated charcoal; yield 48%; m.p. 168- 
169°. The acetanilide contained 2.75 atoms percent of N’®, and the p-acetamidophenol contained 2.86 atoms 


percent of N'5 (for complete leveling of the isotopic compositions of the nitrogen atoms, each should contain 
2.85 atoms percent of N'5,) 


b) Unlabeled azobenzene (1.4 g) was added to a mixture of 1.5 g of azoxybenzene-N'5 and 11 ml of chlo- 
rosulfonic acid. The reaction was carried out under the conditions of Expt. 2a. As a result of reductive cleavage 
we obtained acetanilide containing 2.69 atoms percent of N'> and p-acetamidophenol containing 2.74 atoms per- 
cent of N'5 from the p-(phenylazo)phenol isolated. 


3. Rearrangement of azoxybenzene-N!® in presence of sulfuric acid at room temperature. A mixture of 
2.5 g of azoxybenzene-N'* and 25 ml of 83% sulfuric acid was stirred until the precipitate dissolved, and the 
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resulting solution was left at 22-24° for 8.5 days. p-(Phenylazo)phenol was isolated under the previously [4] de- 
scribed conditions (1.13 g; yield 45%; m.p. 155-156° after crystallization from benzene) and then cleaved as 
indicated in the previous experiments. The acetanilide (yield 85%) contained 2.67 atoms percent of ns, and 
the p-acetamidophenol (yield 72%) contained 2.88 atoms percent of nis (cf. Expt. 2.) 


Apart from p-(phenylazo)phenol, we isolated unchanged azoxybenzene (0.74 g) from the reaction mixture, 
and this was purified by chromatography under the conditions of Expt. 1; its reductive cleavage was carried out 
under the previously described conditions [12]. The resulting acetanilide contained 0.58 atom percent of nis, 
and the p-bromoacetanilide contained 5.23 atoms percent of n’5, 


4, Rearrangement of azoxybenze ne-N’® when heated with sulfuric acid. a) A mixture of 2.5 g of azoxy- 
benzene-N'® and 25 ml of 83% sulfuric acid was stirred until the precipitate dissolved, after which the solution 
was heated for eight minutes at 90°, p-(Phenylazo)phenol (0.96 g; yield 38%) was isolated and then cleaved under 
the conditions of Expt. 3. The resulting acetanilide contained 2.83 atoms percent of N’, and the p-acetamido- 
phenol contained 2.86 atoms percent of n'5.* As in Expt. 3 we also isolated some unchanged azoxybenzene 
(0.86 g,) and, after reductive cleavage of this we obtained acetanilide containing 0.58 atom percent of N’® and 
p-bromoacetanilide containing 5.01 atoms percent of N®, 


5. Rearrangement of azoxybenzene-N* under the action of ultraviolet radiation. A solution of 2.5 g of 
azoxybenzene-N’® in 250 ml of 85% alcohol, contained in a quartz flask fitted with reflux condenser, was shaken 
periodically for 65 hr while exposed to ultraviolet radiation. As the solution became warm, the radiation was 
switched off for a period of 15 min in each hour (the temperature varied in the range 30-45°.) The resulting o- 
(phenylazo)phenol was isolated under the previously described conditions [16] (0.84 g; yield 34%; m.p, 82-83° 
after crystallization from benzene) and was then subjected to reductive cleavage as in Expt. 2. We obtained 83% 
of acetanilide containing 0.6 atom percent of N'® and 82% of o-acetamidophenol, m.p. 203° (from water in pres= 
ence of charcoal) containing 4.93 atoms percent of N'®. It follows from these results that no appreciable leveling 
of the isotopic compositions of the nitrogen atoms occurred during the rearrangement. _ 


Apart from o-(phenylazo)phenol we isolated 0.9 g of unchanged azoxybenzene from the reaction solutions 
this was cleaved under the previously described conditions [12]. The resulting acetanilide contained 0.99 atom 
percent of N°, and the p-bromoacetanilide contained 4.75 atoms percent of N®. In another experiment the 


respective values found for acetanilide and p-bromoacetanilide were 0,70 and 5.08. 


6. Rearrangement of azoxybenzene-N'* when heated with acetic anhydride. A mixture of 10 g of azoxy- 
benzene-N!* and 30 ml of acetic anhydride was heated in a sealed tube for four hours at 230-240° [17], The reac- 
tion mixture was poured into 100 ml of water; the mixture was heated to 60-70°, and when cool it was extracted 
with ether. Ether was distilled off, and the residue was boiled for three two-hour periods, each time with 100 ml 
of 10% KOH. The resulting alkaline solution was acidified and left for one day at 0-2°, The precipitate formed 
was filtered off, and o-(phenylazo)phenol was steam -distilled off, recrystallized from benzene (0.4 g; yield 4%; 
m.p. 79-80°), and cleaved as indicated for Expt. 5. The resulting acetanilide contained 0.75 atom percent of 
N’5, and the o-acetamidophenol contained 4.88 atoms percent of N!5, 


The residue (7.65 g), which was not dissolved in the boiling with KOH solution, was mainly unchanged 
azoxybenzene. It was purified chromatographically under the conditions of Expt. 1, and was then cleaved as 


described previously [12]. The resulting acetanilide contained 0.63 atom percent of N'®, and the p-bromoacet- 
anilide contained 5.11 atoms percent of N’®. 


SUMMARY 


1. A study was made of the isomerization of azoxybenzene-N'® into o- and p-hydroxy azo compounds 
under the action of sulfuric and chlorosulfonic acids, acetic anhydride, and also ultraviolet radiation. 


2. There are at least two types of rearrangements of azoxybenzene (and probably of other azoxy compounds): 


a) rearrangement of azoxybenzene into p-(phenylazo)phenol via an intermediate symmetric compound, in which 
case both benzene rings are hydroxylated in equal degree; b) rearrangement of azoxybenzene into o-(phenylazo) - 
phenol without a symmetrization stage, in which case the benzene ring remote from the NO group is hydroxylated. 


*The previous conclusion [2], which was to the effect that under these conditions leveling of the isotopic composi - 
tion of the nitrogen atoms in p-(phenylazo)phenol is incomplete, arose from the presence of a small amount of o- 
(phenylazo)phenol impurity which we did not succeed in removing by steam distillation. 
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SYNTHETIC ANESTHETICS 


COMMUNICATION 32, cis-1,2,6-TRIMETHYL-4-PIPERIDONE 
AND ITS DERIVATIVES 


I. N. Nazarov and O. I. Sorokin 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 872-878, May, 1960 

Original article submitted October 15, 1958 


In recent years many investigations have been published on the synthesis and physiological properties of 
various 4-piperidone derivatives. In our laboratory we have made a detailed study of derivatives of 1,2,5-tri- 
methyl-4 -piperidone (I), among which were found the highly effective analgesics promedol and isopromedol 
[1], and also of various derivatives of 1,2, 3,6-tetramethyl-4-piperidone (II) [2], 1,2,2-trimethyl-4-piperidone 
(111) [3], and many others. 


O O O 
I 
\--CHs 
| CH HN | CH | Ve HC | CH 
| | | 
CHs CHa CHa CH, 
(I) (11) (HIT) (IV) 

It was of interest to synthesize and investigate derivatives of the symmetrically substituted 1,2,6-trimethyl- a 
4-piperidone (IV), which were first prepared by Mannich [4]. In accordance with its structure, this piperidone may 
exist as two geometric cis- and trans-isomers (IVa) and (IVb), the first of which can give two series of epimeric % 
derivatives in reactions at the carbonyl group, whereas the second can form only one geometric isomers. o 

R OH 
0 CH; R OH R OH wi 
H,C CH; CH; H,C- CH, CH; 
CH, cH, CH, 
(iV a) (IVb) 
CH, 
CH, 
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From this peculiarity of the symmetric 1,2,6-trimethyl-4-piperidone it clearly follows that the cis-pipert - 
done and its derivatives exist in a meso-form which cannot be resolved into optical antipodes, whereas derivatives 
of the trans-piperidone are racemates; these facts may be utilized in confirmation of proposed configurations. 


One possible route to the synthesis of 1,2,6-trimethyl-4-piperidone (IV) was the reaction of methylamine 
with a crotonic ester (V) with subsequent cyclization of the resulting diester (VI) and decarboxylation. 


CH, 
CH,-CH=CH-COOR CH-CH,-COOR 
CH,NH, + —> H,C-N< 
CH,-CH=CH-COOR CH-CH,~COOR 


(v) CH, 
iv) 


COOR 
H.C CH, 


1 ' 
CH, CH, 
(Iv) 


However, an attempt to prepare the addition product from two molecules of crotonic ester and one mole- 


cule of methylamine was not successful. Even under severe conditions only a secondary amine (3-methylamino- 
butyric ester) was formed. 


For the synthesis of the necessary 1,2,6-trimethyl-4-piperidone we applied a previously described method 
(scheme shown below) with the introduction of modifications and improvements at individual stages of the synthesis: 


COCH3; -CO9 
H.C CH | CH, 
B&No 3 3 3 3 


(vi) (vin) CH, 
H OH(a) (1x) 


oO 
(ey H,C Hye) 
Uva) 


CH, (e) 
CH, 
(x p) 


Thus, in the case of 2,6-dimethyl-4H-pyran-4-one (VIII) [5], which was formed by the decarboxylation 
of dehydroacetic acid (VII), a convenient method of isolation was found in continuous extraction with ether from 
weakly alkaline solution. 1,2,6-trimethyl-4(1H)-pyridone (IX) was prepared and hydrogenated by the method 
described by Campbell and co-workers [6] with modification in detail only. Despite statements by the authors, 
in the hydrogenation of 1,2,6-trimethyl-4-(1H)-pyridone (IX) an individual 1,2,6-trimethyl-4 -piperidinol is not 
formed; a mixture of both epimers (Xa and X8) containing 45% of the a-epimer is formed. By crystallization 
of the bases and hydrochlorides of both epimers we succeeded in isolating them individually. 


When oxidized with chromium trioxide, both secondary alcohols (Xa and XB) give the same 1,2,6-tri- 
methy1l-4 -piperidone, from which it follows that this piperidone has the cis-configuration of methyl groups at 
C-1 and C-6 (IVa), and the corresponding alcohols are epimers with respect to C-4. To prove their configurations 
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we studied their isomerization under the action of sodium isopentyloxide, when it was found that the a-isomer 
was converted into the 6 -isomer. This shows that the 6 -isomer is the more stable and that its hydroxy group 
therefore has an equatorial position (X8.) This conclusion is in full accord with the results of Mannich [4], who 
showed that by the reduction of cis-1,2,6-trimethyl-4-piperidone (IVa) by different methods only the 8 -isomer 

of the alcohol (XB ) was formed. 


In the reaction of the cis-piperidone (IVa) with phenyllithium a mixture of both possible geometric isomers 
was again formed, the product being 1,2,6-trimethyl-4-phenyl-4-piperidinol (XI a and XI8) containing 55% of 
a-isomer. 


H;Cs. OH (a) 


HsCg_ OCOC,H, (a 


(CH5CO),0 
(eyH,C CH, (e). pyridine (e) H, (e) 
CH, CH, 
(XI) (xtet) 
CeHsLi 
(ey H,C CH,(e) 
CH OH (e) OCOC,H,(e) 
(Iva) C)HsCOCI 
(e) CH; (e) CICH)CH,Ci (e) CH; (e) 
CH, CH; 
(Xip) 


The two individual isomeric alcohols were isolated by crystallization as bases and hydrochlorides. In their 
conversion into their propionic esters (XIIa and XIIB) it was found that the a-isomer can be dehydrated under 
relatively mild conditions when treated with propionic anhydride and pyridine or with propionyl chloride in chlo- 
form. We suceeded in preparing the propionic ester (XIIa) by the action of propionic anhydride and pyridine 
within strictly defined temperature limits. On the other hand, the B-isomer has little tendency to be dehydrated 
(under comparable conditions), and we succeeded in obtaining its propionic ester (XII8) by a double treatment 
with propionyl chloride. 


While not finally resolving the question of the configuration of the isomeric alcohols (XI « and XI 6 ), these 
results show that in the a-isomer the hydroxy group probably occupies an axial position. This is in accord also 
with the fact that in the phenyllithium synthesis the a-isomer is formed in the greater amount (the phenyl group 
occupies the more favorable equatorial position). 


Tests on the physiological activity of the isomeric propionic esters of 1,2,6-trimethyl-4 -phenyl -4 -piper- 
dinol (XII «and XII) in the form of their hydrochlorides showed that these compounds have no pain-relieving 
power in doses exceeding that of promedol by a facor of 10-20. 


EXPERIMENTAL 


Reaction of methylamine with crotonic ester, Gaseous methylamine (15.5 g, 0.5 mole) after being dried 
over caustic alkali was passed into 114 g (1 mole) of crotonic ester [7] cooled to 10-15°. After one week at room 
temperature, the mixture was heated for six hours at 70° and 2.5 hours at 100°; it was then fractionated through a 
column. Two fractions were collected: Fraction I (52.9 g), b.p. 37-70° (22 mm) and np 1.4240; Fraction II 
(63.2 g), b.p. 70-77° (22 mm) andn™D 1.4238, 


Fraction I was mainly unchanged crotonic ester, and from Fraction II, after redistillation, we obtained an 
80% yield of 3-methylaminobutyric ester, b.p. 75-76° (22 mm) and np 1.4236 (8]. Change of reaction condi- 
tions did not lead to the required diester (VI). 


2,6-Dimethyl-4H-pyran-4-one (VII). Dehydroacetic acid (220 g) [5] was boiled for 2.5 hr with concen- 
trated hydrochloric acid(630 ml). The reaction mixture was evaporated to dryness, and the residue of pyranone 
hydrochloride was dissolved in 200 ml of water; the solution was made alkaline to phenolphthalein with 50% NaOH 
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solution. The resulting slurry was placed in a continuous percolator and extracted with boiling ether. Extrac- 


tion for four days gave 143.5 g (88.4%) of 2,6-dimethyl-4H-pyran-4-one (VII) [5] as large slightly colored 
crystals, m.p. 130,5-132.5°, 


1,2,6-Trimethyl-4(1H)-pyridone (IX). To a solution of 56.5 g of 2,6-dimethyl-4H-pyran-4-one (VIII) in 
75 ml of water we added 75 ml of a 46.4% aqueous solution of methylamine. In a short time fine crystals began 
to be precipitated from the clear solution, and there was a slight rise in temperature. On the next day the crystals 
were filtered off and washed with water. Vacuum drying to constant weight at 80° gave 59.8 g (95.8%) of 1,2,6- 
trimethyl-4(1H)-pyridone (IX) [6], m.p. 249.5-250.5°. The hydrochloride of the pyridone was prepared by mix - 
ing methanolic solutions of the base and hydrogen chloride; it had m.p. 235-237°. 


Hydrogenation of 1 ,2,6-trimethy1-4(1H) -pyridone (IX). 1,2,6-Trimethyl-4(1H)-pyridone (IX) (194 g) was 
hydrogenated as a solution in 400 ml of methanol over Raney nickel at 100-110° and 70-90 atm. The necessary 
amount of hydrogen (3 moles) was absorbed in the course of four days. The catalyst was filtered off, solvent was 
distilled off, and the liquid residue was diluted with ether. The small amount of pyridone that separated (5 g) 
was filtered off, ether was distilled off, and the residue was vacuum-distilled. A fraction of b.p, 108-112° 
(14 mm) (170.5 g) was collected; it partially crystallized in the course of the distillation. The reaction product 
was melted by heating it to 60°, mixed with 50 ml of gasoline, and left overnight. The crystalline product that 
separated was filtered off (49.7 g, m.p. 71-79°). Recyrstallization from gasoline gave 36.1 g of the a-isomer of 
1,2,6-trimethyl-4-piperidinol (Xa ). After several recrystallizations from gasoline a sample had constant melting 
point (89-89.5°.) Found: N 9.79, 9.99%. CgH,7ON. Calculated: N 9.79% 


The hydrochloride of the q-isomer, obtained by passage of dry hydrogen chloride into an ethereal solution 
of the base and recrystallization from a mixture of alcohol and acetone, had m.p. 179-181°. When this hydrochlo- 
tide was heated with benzoyl chloride at 150° for 20 min, we obtained a quantitative yield of the hydrochloride 
of the benzoic ester, m.p, 205-206° (from a mixture of ethyl acetate and methanol). Found; C 63.74, 63.51, 

H 7.70, 7.68, N 5,00, 4.85%. CysgHgg0,NCl, Calculated: C 63.49, H 7.76, N 4.93% 


After isolation of the bulk of the a-isomer, a further 9.8 g of the same isomer, m.p. 76-83°, was isolated’ 
from the mother liquor. The remaining mother liquor was diluted with ether and treated with a solution of 
hydrogen chloride in dioxane. The solid hydrochloride that separated was filtered off, washed with ether, and 
vacuum -dried (weigh 96.7 g). The hydrochloride was found to be insoluble in a boiling mixture of acetone and 
alcohol; to dissolve it 30 ml of water was added. On the next day the crystalline product that separated was 
filtered off, washed with alcohol and with acetone, and dried. We obtained 42.2 g of the hydrochloride of the 
8 -isomer of 1,2,6-trimethyl-4-piperidinol (X68), m.p. 257 -258°, From the mother liquor we obtained a further 
26.4 g of this hydrochloride. After recrystallization from alcohol with the addition of a few drops of water, the 
hydrochloride of the B-isomer melted at 266.5-267°. Found: N 7.96, 7.77%. CgH,gONCl. Calculated: N 7.80%, 
When this hydrochloride was heated with benzoyl chloride at 170° for 20 min, we obtained a quantitative yield 
of the hydrochloride of the benzoic ester, m.p. 239-240° (from a mixture of ethyl acetate and methanol). 
Found; C 63,23, 63.25, H 7.72, 7.63, N 5.36, 5.28%. CysH,,ONC1. Calculated: C 63.49, H 7.76, N 4.93%, 


By conversion into the base and distiliation, from 50 g of the hydrochloride of the 6-isomer we obtained 


38.5 g of pure B-isomer (X8) as a viscous liquid, b.p. 116° (19 mm) and n'®p 1.4787, which formed crystals of 
m.p. 31° when allowed to stand. 


Action of sodium isopentyloxide on the isomeric 1,2,6-trimethyl-4-piperidinols. a) The a-piperidinol 
(Xa) (2.1 g) was added to a solution of sodium isopentyloxide prepared from 1 g of sodium and 25 ml of dry 
isopentyl alcohol, and the mixture was boiled for 40 hr. Water (10 ml) and concentrated hydrochloric acid (10 ml) 
were added to the solution, isopentyl alcohol and water were vacuum-distilled off, the residue was dissolved in 
water and rendered alkaline, and the product that separated was extracted with ether. Removal of ether left 1.15¢g 
of oil of n”-5D 1.4772, which was converted into its hydrochioride. We isolated 1.35 g of the hydrochloride of the 
8-isomer (XS), which after recrystallization from a mixture of alcohol, acetone, and a little water had m.p. 266- 
267°, undepressed by admixture of the sample prepared earlier. 


b) In an analogous reaction with 2.3 g of the 8-piperidinol (XB) we obtained 2.15 g of the hydrochloride 


of the starting substance, which after crystallization had m.p. 264-266°, undepressed by admixture of a known 
sample. 
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cis-1,2,6-Trimethyl-4-piperidone (IVa). a) A solution of 7.3 g of chromium trioxide in 20 ml of water 
was added slowly at 18-22° to a solution of 13 g of the a-piperidinol (Xa) in a mixture of 12.5 ml of concen- 
trated sulfuric acid and 50 ml of water. On the next day the mixture was rendered alkaline with 60 ml of 50% 
NaOH solution, and it was extracted with ether in a continuous percolator. Ether was distilled off, and vacuum- 
distillation of the residue gave 6.0 g of the cis-piperidone (IVa), b.p. 92-100° (17mm) and n"D 1.4676. The 
residue remaining after the distillation of the main product (2.9 g) was unchanged a-piperidinol. From 6.0 g of 
the piperidone base we prepared the hydrochloride in the usual way (7.5 g, m.p. 155.5-158.5°); after crystalliza - 
tion from ethyl acetate with the addition of a few drops of methanol it had a constant melting point of 159-159.5°, 
Found: N 8,09, 8.13%. CgH,gONCl. Calculated: N 7.89%, 


b) On oxidation under the above-described conditions, 13 g of the 6-piperidinol (XB) gave 5.3 g of the cis- 
piperidone (IVa), the hydrochloride of which had m.p. 156-158°, undepressed by admixture of the sample described 
above. Also, 2.9 g of the original 6-piperidinol was recovered unchanged from the reaction products. 


Reaction of cis-1,2,6-trimethy1-4-piperidone (IVa) with phenyllithium. A solution of 9.1 g of cis-1,2,6- 
trimethyl-4-piperidone (IVa) in an equal volume of ether was added without the application of cooling to a solu- 
tion of phenyllithium prepared from 1.35 g of lithium and 15.2 g of freshly distilled dry bromobenzene in 75 ml 
of ether. The mixture was allowed to stand overnight, boiled for 2.5 hr, and then hydrolyzed by the addition of 
15 ml of water. The ether layer was separated, the aqueous layer was extracted with ether, and the combined 
extracts were dried. Ether was vacuum-distilled off, and the residue (13.7 g) crystallized out almost completely. 
Its crystallization from gasoline gave 4.2 g of the a-isomer of 1,2,6-trimethyl-4-phenyl-4-piperidinol (XIq), 
m.p. 121,5-124.5°, which after recrystallization had m.p. 125.5-126.5°, Found: N 6.42, 6.63%, C4H),ON. 
Calculated; N 6.40%, Its hydrochloride had m.p. 200-200.5° (from a mixture of ethyl acetate and methanol.) 


The mother liquor remaining after the separation of the q@-isomer was evaporated, and the residue was 
converted into the hydrochloride. It was crystallized from a mixture of ethyl acetate and methanol, and precip- 
itation with ether gave 4.0 g of the hydrochloride of the 6-isomer of 1,2,6-trimethyl-4 -phenyl-4-piperidinol 
(X18), which after recrystallization had a constant melting point of 205-206°, which was depressed by admixture 
of the above-described hydrochloride of the q-isomer. From 3,0 g of this hydrochloride we prepared 2.0 g of the 
base of the B-isomer in the form of crystals, m.p, 100.0-100.5° (from gasoline.) Found: N 6.46, 6.50%. Cy4H,,;ON. 


Calculated: N 6.40%. 


Propionic ester (XII a) of the a-isomer of 1,2,6-trimethyl-4-phenyl-4-piperidinol. a) Propionyl chloride 
(1.5 ml) was added to a solution of 1.0 g of 1,2,6-trimethyl-4-phenyl-4-piperidinol (XIa), m.p. 125.5-126.5°, 
in 2 ml of dry chloroform; some heat was evolved. After three hours a little ether was added to the mixture, 
and this brought about crystallization. After the mixture had been kept at room temperature for several days 
with periodical addition of ether we obtained 0.35 g of fine crystals, m.p. 237-238°, which after crystallization 
from a mixture of ethyl acetate and methanol (with an addition of ether) had a constant melting point of 239-239.5°, 
According to analysis, this substance was the hydrochloride of a dehydration product of the original phenylpiperi - 
dinol. Found: C 70.92, 70.85, H 8.35, 8.31, N 6.49, 6.37%. CygHapNCl. Calculated: C 70.75, H 8.42, N 5.89%, 


Almost quantitative formation of the dehydration product occurred when the hydrochloride of the a-isomer 
of the phenylpiperidinol (XIa) was boiled with a mixture of dichloroethane and propiony! chloride. 


b) A mixture of 6.1 g of the phenylpiperidinol (XIa), m.p. 125.5-126.5°, 6 ml of pyridine, and 9 ml of 
propionic anhydride was heated at 117-118" for 12 hr. After the removal of volatile substances and vacuum- 
distillation of the residue we obtained 6.15 g of the base form of the ester as an oil of b.p. 117-119° (0,02 mm). 
The oil was converted into its hydrochloride, and crystallization of this from a mixture of ethyl acetate and 
methanol gave 3.05 g of the hydrochloride of the propionic ester of the a-isomer of 1,2,6-trimethyl-4-phenyl- 
4-piperidinol (XIla), m.p. 188.5-189°, which after recrystallization from ethyl acetate had a constant melting 


point of 189,5-190°, Found : C 65.42, 65.50, H 8.45, 8.36, N 4.49, 4.52%, Cy y7HpgO,NCl. Calculated: C 65.50, 
H 8.35, N 4,49, 


When this treatment was carried out below 100° no esterification occurred, and above 120° esterification 
was accompanied by some dehydration. 


Propionic ester (XII8 ) of the 8-isomer of 1,2,6-trimethyl-4-phenyl-piperidinol. Propionyl chloride (9 ml) 
was added to a solution of 5.3 g of 1,2,6-trimethyl-4-phenyl-4 -piperidinol (X18), m.p. 100-100.5°, in 10 ml of 


| 
| 
| 
7 
a: 
a 
ia 
x 
ae 
| 
fe 
A 
; 
| 
ay 
: 
| 
| 
| 
x 
| 
| 
| 
| 
Biz 
ns, 
817 
‘aad | 


chloroform; some heat was evolved. The mixture was heated at 40° for 30 min; ether was then added, and stand- 
ing at room temperature gave 6.4 g of heterogeneous crystals, which were converted into the base. Vacuum distil- 
lation gave 4.6 g of oil, b.p. 124-144° (0.02 mm). 


The base was dissolved in 9 ml of dichloroethane and treated with 7 ml of propionyl chloride. The mixture 
was allowed to stand for four days, and on addition of ether there was a precipitate of 4.55 g of the hydrochloride 
of the propionic ester of the B-isomer of 1,2,6-trimethyl-4 -phenyl-4-piperidinol (X18 ), m.p. 172.5-173.5°, which 
after crystallization from a mixture of ethyl acetate and methanol had a constant melting point of 177-178°. 
Found: C 65.35, 65.25, H 8.60, 8.72, N 4.03, 4.19%. Cy7H»g0,NCl. Calculated: C 65.50, H 8.35, N 4.49%. 


When the reaction was carried out in a mixture of pyridine and propionic anhydride (six hours at 150°), no 
propionic ester was isolated; only the formation of a little dehydration product was observed. 
SUMMARY 


1, The syntheses of cis-1,2,6-trimethyl-4-piperidone and of the two corresponding epimeric secondary 
alcohols were carried out, and the configurations of these compounds were proved. 


2. The reaction of phenyllithium with cis-1,2,6-trimethyl-4-piperidone was studied. The two epimeric 
1,2,6-trimethyl-4-phenyl-4-piperidinols and their propionic esters were prepared. 
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The question of structural orientation in the diene synthesis, as a part of the more general question of the 
mechanism of this reaction, has attracted the attention of many investigators. In the diene condensations of 
1-alkyl-1,3-butadienes two structural isomers can be formed, i.e., the ortho and meta forms: 


R R 
4 | 
N 


For a long time it was considered that in such reactions only the ortho-isomer is formed. However, in 1947 
in the condensation of piperylene with acrylonitrile, Frank, Emmick, and Johnson [1] proved the presence of a 
small amount of meta-isomer in the mixture of adducts. Later, this matter was studied in detail in our laboratory 
[2], when it was proved fairly rigorously that in the condensations of piperylene with acrylonitrile, methyl] acrylate, 
methyl methacrylate, styrene, and crotonic acid mixtures of both possible adducts were formed and the content of 
meta -isomer was 10-15%. The presence of about 15%, of meta-isomer was found also by Petrov and Sopov [3] in 
the product of the condensation of piperylene with acrolein. Until recently there has been scarcely any study of 
structural orientation in the diene condensations of other 1-alkyl-1,3-butadienes; there is only an investigation 
by Alder [4] in which it was proved that about 25% of meta-isomer is formed in the condensation of 1-t-butyl-1,3- 
butadiene (5,5-dimethyl-1,3-hexadiene) with acrylic acid. 


With the object of making a systematic investigation of structural orientation in the diene synthesis as a 
function of the sizes of the substituents in the diene and dienophile, as dienes we took 1-methyl-, 1-isopropyl-, 
1-butyl-, and 1-t-butyl-1,3-butadienes [trans-piperylene, 5-methyl-1,3-hexadiene, 1,3-octadiene, and 5,5- 
dimethyl-1,3-hexadiene] and as dienophiles we took esters of acrylic, methacrylic, and 2-isopropylacrylic acids. 
The diene condensations were carried out by heating a mixture of diene and dienophile in a steel ampule at 
200° for 2-15 hr. The compositions of the mixtures of adducts formed in the condensation of 1-alkyl-1,3-buta - 
dienes with methyl acrylate were established from the scheme given below. 


The mixture of adducts (I) and (II) was dehydrogenated over palladized charcoal (15% Pd), and the dehydro- 
genation products (III) and (IV) were hydrolyzed with methanolic sodium hydroxide. Oxidation of the result- 
ing aromatic acids (V) and (VI) with dilute nitric acid in an autoclave [2] led to a mixture of phthalic and iso- 
phthalic acids. On the basis of the difference in solubility of these acids in hot water* * their relative amounts 


* The work was completed after the death of I. N. Nazarov. 
* *At 99° 100 g of water dissolves 18 g of phthalic acid, but only 0.2 g of isophthalic acid. 
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CO, CH, co,CH, CO,H 


R=CH,: 1-C,H,iCyHyit-C,H, 


were determined, and these corresponded to the relative amounts of ortho- and meta-isomers (I) and (II) in the 
original mixture of adducts. In the case of 5,5-dimethyl-1,3-hexadiene, (V) and (VI) (R = t-C4Hg) were separated 
directly by crystallization. The results are given in the table. 


With the object of studying the effect of temperature on the relative amounts of structural isomers formed, 
we investigated the condensation of piperylene with methyl acrylate at various temperatures. It was found that 
at 20° (one year) the ratio of the amounts of ortho- and meta-adducts is 18 ; 1, whereas at 400° (in a flow system) 
it is 3.7: 1, Comparing these results with those for the condensation at 200° (ortho: meta = 6.8: 1; see table), 
we may conclude that with rise in the condensation temperature the relative amount of the meta-isomer in the 


mixture of adducts formed increases. We established the same relation earlier [5] for the case of the condensation 
of isoprene with the same dienophile. 


For the condensation of 1-alkyl-1,3-butadienes with methyl methacrylate, the relative amounts of the ad‘- 
ducts (VII) and (VIII) were determined in accordance with the following scheme: 


CO,H 


V4 
R R R 
b ACOH 
R : 


(x1) 


R 


R R R 
po CO,C,H, > > 
CO.,H 


(XI) (XIV) a 
CO,H 


CO,H 


a R=CH,: 1-C,H, 
b R=t-C,H, 


By hydrolysis of the adducts (VII) and (VIII) with methanolic sodium hydroxide we obtained the acids (IV) 
and (X), whose dehydrogenation over palladized charcoal gave a mixture of aromatic hydrocarbons, which were 
oxidized with dilute nitric acid under pressure. In the case of piperylene and 5-methyl-1,3-hexadiene, oxidation 
gave mixtures of phthalic and isophthalic acids [Scheme (a)], which were separated by selective extraction with 
hot water, and in the case of 5, 5-dimethyl-1,3-hexadiene [Scheme (b)] it gave a mixture of o- and m-t-butyl- 
benzoic acids, which were separated by fractional crystallization. 
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Relative Amounts of o- and m-Adducts Formed in the Condensation of 1-Alkyl-1,3- 
butadienes with Esters of a-Substituted Acrylic Acids 


____Dienophile 


CH, CH(CH,)s 


CH, ~«CH—CO,CH, 
CH,=C-CO,CH, | CH,-C—CO,C,H, 


CH 3—CH | 5,8: 


(CH );CH—CH -CH--CH=CH, | 


Ip—-CH=Cl iz CI 1, 


CH, | 


The condensation of 1-alkylbutadienes with ethyl 2-isopropylacrylate [ethyl 3-methyl-2-methylenebutyrate] 
gave mixtures of the adducts (X) and (XII), which in the case of 5-methyl- and 5,5-dimethyl-1,3-hexadienes con- 


tained dimers of these dienes as impurities that could not be removed bydistillation. The relative amounts of o- 
and m-isomers formed were determined in accordance with the following scheme: 


0,1 
CO,H 


ag 
R R R 
CH, CH, CH, 
0,CH; > O.H 


SOCK 4 (vm) (1X) 
R R R 
b 
0,CH, > CO,H 
CH; CH, H 
(xX) 


3 
(Vill) a 


b R=t-C.Ho 


a R=CH,;i-C,H, 


Hydrolysis of the adducts (XI) and (XII) permitted the separation of the dimers, and the resulting mixture 
of acids (XIII) and (XIV) was converted as in the preceding cases (dehydrogenation and nitric acid oxidation) 


either into a mixture of benzenedicarboxylic acids (R = CH, i-C,H;), or into a mixture of t-butylbenzoic acids 
(R = t-C4Hp). 


The results on the relative amounts of the structural isomers formed are given in the table for all the con- 
densations studied. 


This table shows that with increase in the size of the alkyl substituent, whether in the diene or in the dien- 
ophile, the structural selectivity of the reaction diminishes and the relative amount of the m-isomer in the mix- 
ture of adducts increases appreciably. We have shown previously [6] that in the condensations of 2-alkyl-1,3-buta - 
dienes the reverse relation is found: with increase in the size of substituents the relative amount of m-adduct di- 
minishes, i.e., there is an increase in structural selectivity. Comparison of the results obtained for 1- and 2-sub- 
stituted dienes enables us to draw some conclusions concerning the possible causes of this relation. If such changes 
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in structural orientation in the series investigated by us depended solely on the electronic effects of the alkyl 
substituents, then the relative amounts of structural isomers would change in the same direction for 1-alkyl- as 
for 2-alkyl-1,3-butadienes, because the difference in electronic effects of the alkyl substituents must have the 
same sign irrespective of the position of the substituent (1- or 2-) in the diene. However, in actual fact the 
changes in structural orientation are directly opposite for 1- and 2-substituted dienes, which enables us to con- 
clude that in the given case the electronic effects of substituents cannot play a determining part. 


The results can apparently be explained by increase in the steric repulsion of substituent groups with in- 
crease in their size. It is clear that in this case there should be an increase in the relative amount of the adduct 
formed via the transition complex that is less hindered sterically. Examination of molecular models shows that 
in the case of 1-alkyl-1,3-butadienes m-isomers will be formed via the less hindered complexes, but in the case 
of 2-alkyl-1,4-butadienes it is the p-isomers that will be formed. This gives us reason to suppose that changes 
in the relative amounts of structural isomers as we pass from one alkylbutadiene to another are due mainly to 


steric factors (steric repulsion of substituents in the reaction) and that this hypothesis gives the most unequivocal 
explanation of the facts that we have established. 


EXPERIMENTAL 


trans-Piperylene (b.p. 41.5-42°, n°°D 1.4295) was prepared by the isomerization of commercial piperylene 
with iodine [2], 5-Methyl-1,3-hexadiene (b.p. 90-91°, n**D 1.4358) was prepared by the dehydration of 2-methy1- 
3-hexanol at 320° over zirconium dioxide deposited on pumice [7]. The hydrolysis of the adducts was carried out 
by boiling them for one hour with 50-100% excess of 10% methanolic NaOH [5]. Dehydrogenation was carried 
out in a flow system by repeated passage of the substance over palladized charcoal at 340-350° (size of layer 
6 x 100 mm) until a constant refractive index was reached. Oxidation with dilute (10-15%) nitric acid was 
carried out by the procedure described in a previous paper [2]. As inhibitor in the diene condensations we used 
hydroquinone in an amount of 0.1-0.2% on the combined weight of diene and dienophile. Phthalic acid (m.p. 


190-191°), dimethyl isophthalate (m.p. 64-65°), aud also o- and m-t-butylbenzoic acids, were identified by mix- 
ture melting points with known samples. 


Synthesis of 1,3-Octadiene. 2-Octen-3-01(250 g;_ b.p. 80-82° (25 mm); 1.4415 [8]) was dehydrated 
at 290-300° over zirconia on pumice (20% ZrO,) (rate of feed 0.5 ml/ min; size of catalyst layer 18 X 200 mm). 
We obtained 100 g (46.5%) of a mixture of dehydration products, b.p. 80-140°, Fractionation of this mixture 
through a column of 39-plate efficiency gave 15.0 g of 1,3-octadiene; b.p, 113-114° (751 mm); nD 1.4350; 


A 28 my; € 27350 (in heptane). Found; 87.12, 87.07, H 12.70, 12.81% CgHy,y. Calculated: C 87.21, 
H 12.79%, 


We isolated also 8.3 g of a diene [b.p. 124-125° (751 mm), n?°D 1.4273; Amax226 mp; € 12500 (in 
heptane)]} which was not investigated further and 52 g of 2,4-octadiene; b.p. 132-132.5° (751 mm); nD 1.4565; 
Amax228 mp; € 2400 (in heptane). The literature [8] gives: b.p. 132-134°; nD 1.4545. 


By oxidation of 1,3-octadiene with alkaline potassium permanganate by the method described earlier [6] 


we obtained a 48% yield of valeric acid, the p-bromophenacy] ester of which (m.p. 75-76°) showed no depres - 
sion of melting point in admixture with a known sample. 


Synthesis of 5,5-Dimethyl 1,3-hexadiene. A mixture of 120 g of 1-chloro-5,5-dimethyl-2-hexene 


(b.p. 50-60° (14 mm); nD 1.4482 [9]), 600 ml of glacial acetic acid, and 300 g of fused potassium acetate was 
boiled for four hours. The hot mixture was poured into 1500 ml of water, the organic layer was separated, and 
the aqueous part was extracted twice with ether. The extract was dried over fused calcium chloride, ether was 
distilled off, and the residue was vacuum-distilled. This gave 113 g (81%) of 1-acetoxy -4-t-butyl-2-butene; 


b.p. 85-87° (17 mm); 1.4322. Found: C 70.70; 70.62; H 10.59; 10.67%. Calculated: C 70.56; 
H 10.60% 


The resulting acetic ester (200 g) was passed in a stream of nitrogen at 510-520° through a catalysis tube 
(18 X 200 mm) filled with pieces of glass at the rate of 1 ml/min. The catalyzate was washed with water, with 
5% sodium carbonate solution, and again with water; it was dried over fused calcium chloride. Vacuum frac- 


tionation gave 82 g (63%) of 5,5-dimethyl-1,3-hexadiene, b.p. 62-65°(170 mm), After fractionation through 
the 39-plate column the diene had: b.p. 106.5-106.8° (756 mm); n*°D 1.1442; 2 


max 225 mp; € 21000 (in heptane). 
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According to the literature [4] this diene has b.p, 106-107°(760 mm). Its adduct with maleic anhydride has 
m.p. 137-138°. The literature [4] gives m.p. 137-138°. 


Condensation of Piperylene with Methyl Acrylate. 1) A mixture of 30 g of piperylene and 40 g of methyl 
acrylate was heated in a steel ampule at 200° for two hours. Vacuum fractionation gave 58 g (85%) of a mix- 
ture of the adducts (I) and (II) (R = CH,); b.p. 94-97° (30 mm); n*°p 1.4580. The literature [2] gives: b.p. 69-70° 
(6 mm); nD 1.4588. The mixture of adducts (30 g) was dehydrogenated over palladized charcoal (20% Pd) at 
340-350°, This gave 24 g (82%) of a mixture of the esters (III) and (IV) (R = CH), the hydrolysis of which gave 
19.4 g (89%) of a liquid mixture of toluic acids. Oxidation of this with 140 ml of 15% nitric acid [2] gave 19 g 
(80%) of a mixture of benzenedicarboxylic acids, which was resolved by selective extraction with hot water into 
14.9 g of phthalic acid and 2.2 g of isophthalic acid (ratio of 6.8 : 1). 


2) A mixture of 34 g of piperylene and 43 g of methyl acrylate was kept in a sealed glass tube at room 
temperature (20°) for one year. Unchanged diene and dienophile were vacuum-distilled off at room tempera - 
ture. Fractionation of the residue gave 49 g (64%) of a mixture of the adducts (I) and (II) (R = CH,); b.p. 91 -94° 
(25 mm); n'*p 1.4580. The ratio of the amounts of o- and m-adducts, determined as in the preceding experi - 
ment, was 18; 1. 


3) A mixture of 68 g of piperylene and 172 g of methyl acrylate was passed at a rate of 2 ml/min at 
400° through a Pyrex tube (20 X 600 mm) filled with pieces of glass and heated in an electric furnace. Vacuum 
fractionation gave 44 g (14%) of a mixture of the adducts (I) and (II) (R = CH,); b.p. 92-95° (25 mm); np 
1.4576. The ratio of the amounts of o- and m-adducts, determined as in the preceding experiments, was 
3.731. 


Condensation of 5-Methyl-1,3-hexadiene with Methyl Acrylate. A mixture of 15 g of 5-methyl-1,3- 


hexadiene and 15 g of methyl acrylate was heated in a steel ampule at 200° for five hours. Vacuum fractiona- 
tion gave 17 g (60%) of a mixture of the adducts (I) and (II) (R = i-C3H,); b.p. 99-101° (10 mm); n?°D 1.4633. 
Found; C 72.54; 72.65, H 9.92, 9.98% Cy4,HjgQ,. Calculated: C 72.49, H 9.96%. 


The mixture of adducts (23 g) was dehydrogenated over palladized charcoal (15% Pd) at 350-360°. This ‘ 
gave 18.7 g (83%) of the dehydrogenation products (III) and (IV) (R = i-C,H,), the hydrolysis of which with 
methanolic sodium hydroxide gave 12.8 g (74%) of a mixture of isopropylbenzoic acids. Oxidation of this with 
350 ml of 10% nitric acid gave 9.5 g (73%) of a mixture of benzenedicarboxylic acids. Resolution of this mix- 
ture by selective extraction with hot water gave 7.6 g of phthalic acid and 1.5 g of isophthalic acid (ratio of 


Condensation of 1,3-Octadienewith MethylAcrylate. A mixture of 10 g of 1,3-octadiene and 13 g of 


methyl acrylate was heated in a steel ampule at 200° for five hours. Vacuum fractionation of the reaction 
products gave 13.2 g (74%) of a mixture of the adducts (I) and (II) (R = C4Hg); b.p. 143-146°(40 mm); n*°D 1.4660. 
Found C 73.34, 73.50, H 10.21, 10.30%. Cy,Hp90,. Calculated: C 73.44, H 10.24% 


The adducts (12.5 g) were dehydrogenated over palladized charcoal (15% Pd) at 350-360°. This gave 
9.9 g (81%) of a mixture of the esters (III) and (IV) (R = C4Hg), hydrolysis of which with methanolic sodium 
hydroxide gave 7.1 g (78%) of a liquid mixture of butylbenzoic acids. Oxidation of this with 150 ml of 15% 
nitric acid gave 5.3 g (80%) of benzenedicarboxylic acids, separation of which by selective extraction with hot 
water gave 4.1 g of phthalic acid and 0.8 g of isophthalic acid (ratio of 5.1: 1). 


Condensation of 5,5-Dimethyl-1,3-hexadiene with MethylAcrylate. A mixture of 12 g of 5,5-dimethyl- 


1,3-hexadiene and 12 g of methyl acrylate was heated in a steel ampule at 200° for five hours. Vacuum frac- 
tionation gave 16.3 g (76%) of a mixture of the adducts (I) and (II) (R = t-CgHg); b.p. 122-125° (20 mm); 
n°D 1.4665. Found: C 73.26, 73.21, H 10.15, 10.31%. Cy2H9O,. Calculated: C 73.44, H 10.24%, 


The mixture of adducts (21 g) was dehydrogenated over palladized charcoal (15% Pd) at 340-350°. This 
gave 18.1 g (88%) of dehydrogenation products, hydrolysis of which with methanolic sodium hydroxide gave 
13.2 g (79%) of a mixture of t-butylbenzoic acids. Crystallization from acetone and petroleum ether gave 9.4 g 
of o-t-butylbenzoic acid, m.p. 68-69°, and 2.3 g of m-t-butylbenzoic acid, m.p. 127-128° (ratio of 4.1 : 1). 


Condensation of piperylene with methyl methacrylate. A mixture of 30 g of piperylene and 45 g of methyl 


methacrylate was heated in a steel ampule at 200° for two hours. Vacuum fractionation gave 50 g (68%) of the 
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mixture of adducts (VII) and (VIII) (R = CHg); b.p. 88-91°(15 mm); n*°D 1.4630. Hydrolysis of 42 g of the 
adducts gave 34 g (89%) of a liquid mixture of the acids (IX) and (X) (R = CHg), b.p. 163-165° (40 mm). Decar- 
boxylation and dehydrogenation of this mixture over palladized charcoal (20% Pd) at 340-350° gave 18.9 g (81%) 
of xylenes, the oxidation of which with 330 ml of 15% nitric acid gave 24.8 g (84%) of a mixture of benzene - 
dicarboxylic acids. Extraction with hot water gave 18.5 g of phthalic acid, and the residue yielded 3.8 g of iso- 
phthalic acid (ratio of 4.9: 1). 


Condensation of 5- Methy1-1,3-hexadiene with Methyl Methacrylate. A mixture of 15 g of 5-methyl-1,3- 
hexadiene and 17 g of methyl methacrylate was heated in a steel ampule at 200° for five hours. Vacuum frac - 


tionation gave 15.9 g (52%) of a mixture of the adducts (VII) and(VIID (R = i-C3H); b.p. 113-117° (20 mm); 
n’°D 1.4642. Hydrolysis of 22 g of the adducts with 10% methanolic sodium hydroxide gave 18.2 g (89%) of a 


liquid mixture of the acids (IX) and (X) (R = i-C,H7). Found: C 72.49, 72.59, H 9.90, 9.88%. Cy4yHygO,. Cal- 
culated: C 72.49, H 9.96%. 


From 17 g of this mixture of acids, after decarboxylation and dehydrogenation over palladized charcoal 
(15% Pd) at 350-360°, we obtained 10.3 g (82%) of dehydrogenation products, the oxidation of which with 15% 
nitric acid gave 9.3 g (73%) of a mixture of benzenedicarboxylic acids. By separation of these by selective 
extraction with hot water we isolated 6.6 g of phthalic acid and 2.1 g of isophthalic acid (ratio of 3.1: 1). 


Condensation of 5,5-Dimethyl-1,3-hexadiene with Methyl Methacrylate. A mixture of 12 g of 5,5-dimethyl- 
1,3-hexadiene and 14 g of methyl methacrylate was heated in a steel ampule at 200° for five hours. Vacuum 
fractionation gave 17 g (75%) of a mixture of the adducts (VII) and (VIII) (R = t-C4Hg); b.p. 132-135° (25 mm); 
nD 1.4735. On hydrolysis of 19 g of the adducts with methanolic sodium hydroxide we isolated 15.3 g (86%) 


of a mixture of the acids (IX) and (X) (R = t-C4Hy). Found: C 73.48, 73.46, H 10.07, 10.12%. Cy,H)90,. Cal- 
culated: C 73.44, H 10.24%. 


The mixture of acids (14 g) was decarboxylated and dehydrogenated over palladized charcoal (15% Pd) 
at 340-350°, and we obtained 8.2 g (77%) of dehydrogenation products, the oxidation of which with 100 ml of 
10% nitric acid gave 8 g (81%) of a mixture of t-butylbenzoic acids. Crystallization of this mixture from acetone 


and petroleum ether gave 5.1 g of o-t-butylbenzoic acid, m.p. 68-69°, and 2.0 g of m-t-butylbenzoic acid, 
m.p. 128-129° (ratio of 2.6: 1). 


Condensation of Piperylene with Ethyl 2- Isopropylacrylate, A mixture of 20 g of piperylene and 42 g of 
ethyl 2-isopropylacrylate was heated in a steel ampule at 200° for 15 hr. Vacuum fractionation gave 20.4 g 


(33%) of a mixture of the adducts (XI) and (XII) (R = CH); b.p. 102-105° (8 mm); np 1.4670. Found: C 73.97, 
73.94, H 10.34, 10.39% Cy3Hp20,. Calculated: C 74.22, H 10.47%, 


The mixture of the adducts (40 g) was hydrolyzed by boiling it for 25 hr with a 100% excess of 20% 
ethanolic sodium hydroxide. This gave 31 g (89%) of a mixture of the acids (XIII) and(XIV)(R = CHg), which, 
without being distilled, was decarboxylated and dehydrogenated over palladized charcoal (20% Pd) at 340-350°, 
We isolated 18.5 g (81%) of a mixture of o- and m-cymenes. Oxidation of 12 g of this mixture with 260 ml of 
15% nitric acid gave 12.4 g (83%) of benzenedicarboxylic acids. Separation of these by selective extraction with 
hot water gave 8.4 g of phthalic acid and 3.4 g of isophthalic acid (ratio of 2.5: 1). 


Condensation of 5-Methyl-1,3-hexadiene with Ethyl 2-Isopropylacrylate. A mixture of 10 g of 5-methyl- 
1,3-hexadiene and 17 g of ethyl 2-isopropylacrylate was heated in a steel ampule at 200° for ten hours. Vacuum 


fractionation gave 10 g of a mixture of the adducts (XI) and (XII) (R = i-C,H;) together with some 5-methy1-1,3- 
hexadiene dimer; b.p. 118-124°(10 mm); n°D 1.4682. Hydrolysis of 26 g of this mixture by boiling it with 209, 
ethanolic potassium hydroxide for 25 hr gave 5.2 g of unhydrolyzed material of b.p, 125-130°(25 mm); this was 
5-methyl 1,3-hexadiene dimer. Found: C 87.16, 87.21, H 12.37, 12.31%. Cy4H4. Calculated; C 87.42, 

H 12.58%, We obtained also 14.7 g (88% on the amount of substance hydrolyzed) of a mixture of the acids (XIII) 
and (XIV) (R = i-C3H,).* Found: C 74.34, 74,30, H 10.53, 10.62%. Cy3H Calculated: C 74.26, H 10.51%, 


The mixture of acids (14 g) was decarboxylated and dehydrogenated over palladized charcoal (15% Pd) 
at 340-350°. We obtained 8.1 g (76%) of a mixture of o- and m-diisopropylbenzenes. Oxidation of 6 g of this 


*When account was taken of the amount of dimer isolated, the yield of adducts in the condensation was 32% 
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mixture with 300 ml of 15% nitric acid gave 5.1 g (83%) of benzenedicarboxylic acids, from which we isolated 
3.4 g of phthalic acid and 1.4 g of isophthalic acid (ratio of 2.4 : 1). 


Condensation of 5,5-Dimethyl-1,3-hexadiene with Ethyl 2-Isopropylacrylate. A mixture of 23 g of 5,5- 
dimethyl-1,3-hexadiene and 36 g of ethyl 2-isopropylacrylate was heated in a steel ampule at 200°*for 10 hr. 


Vacuum fractionation gave 13.2 g of a mixture of the adducts (XI) and (XII) (R = t-C4Hg) and of the dimer of 
5,5-dimethyl-1,3-hexadiene; b.p. 135-140° (25 mm); nD 1.4680. The resulting mixture (18 g) was hydrolyzed 
by boiling it for 25 hr with excess of 20% ethanolic potassium hydroxide. This gave 4.3 g of 5,5-dimethyl-1,3- 
hexadiene dimer, b.p. 139-143° (25 mm), and 10.1 g (83% on the amount of substance hydrolyzed) of a mixture 


of the acids (XIII) and (XIV) (R = t-C4H,).* Found: C 74.92, 75.04, H 10.83, 10.84% Cy4yH,40,. Calculated: 
C 74.98, H 10.75%. 


The mixture of acids (XIII) and (XIV) (R = t-C4Hg) (9.5 g) was decarboxylated and dehydrogenated over 
palladize4d charcoal (15% Pd) at 340-350°, The resulting dehydrogenation products (5.9 g, 79%) were oxidized 
with 150 ml of 10% nitric acid. This gave 4.9 g (81%) of a mixture of t-butylbenzoic acids, crystallization of 
which from acetone and petroleum ether gave 2 g of o-t-butylbenzoic acid, m.p. 68-69°, and 2.2 g of m-t- 
butylbenzoic acid, m.p. 128-129° (ratio of 0.9: 1). 


SUMMARY 


1. Condensations were carried out between the 1-alkyl-1,3-butadienes (piperylene, 5- methyl-1,3-hexa - 
diene, 1,3-octadiene, and 5,5-dimethyl-1,3-hexadiene) and acrylic, methacrylic, and 2-isopropylacrylic esters, 
and the relative amounts of the structural isomers formed were determined. 


2. The relative amount of the m-isomer in the mixture of adducts increases with increase in the sizes of 


the alkyl substituents in the diene and dienophile, which finds its explanation in increased steric hindrance to 
the formation of the o-isomer. 


3. In the case of the condensation of piperylene with methyl acrylate it was shown that with rise in tem- 
perature the content of m-isomer in the mixture of adducts increases. 
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*When account was taken of the amount of dimer isolated, the yield of adducts in the condensation was 19%. 
**Original Russian pagination. See C. B. translation. 
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STEREOCHEMISTRY OF ADDITIONS TO A TRIPLE BOND 


COMMUNICATION 3. STEREOCHEMISTRY OF THE ADDITION 
OF BROMINE TO PROPARGYL ALCOHOLS* 


I. N. Nazarov and L. D. Bergel'son 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 887-895, May, 1960 

Original article submitted October 17, 1958 


In a previous investigation [1] it was shown that partial bromination of tertiary acetylenic alcohols in 
acetic acid leads mainly to trans-2,3-dibromo-2-alken-1-ols, but in petroleum ether under the action of light 
mainly cis-2,3-dibromo-2-alken-1-ols are formed. In view of the steric selectivity of the bromination of 
acetylenic alcohols and the contradictory character of available data on the stereochemistry of the addition of 
halogens at a triple bond, it was of interest to study the dependence of this reaction on the structure of the acetyl- 
enic alcohol, the polarity of the solvent, additions of salts, and illumination. 


With this object we investigated the bromination of propargyl alcohol [2-propyn-1-ol], 2-methyl-3-butyn - 
2-ol, and 1-ethynylcyclohexanol and the acetic esters of these under various conditions, and we attempted to 
determine, as far as possible quantitatively, the relative amounts of stereoisomeric dibromoethylenes in the reac - 
tion products. We showed that in the photochemical bromination of 2-propyn-1-ol in carbon tetrachloride not 
less than 74% of trans-2,3-dibromo-2-propen-1-ol is formed. The bromination of 2-propyn-1-ol in glacial 
acetic acid led to a mixture of substances, which darkened and decomposed even during vacuum distillation. 
We made a more detailed study of the bromination of tertiary acetylenic alcohols (2-methyl-3-butyn-2-ol and 
1-ethynylcyclohexanol) in various solvents. It was found that, not only in hexane, chloroform, and ether, but also 


in such “reactive” solvents as acetic acid and methanol, in absence of intense illumination almost the only reac- 
tion products were 2,3-dibromo-2-alken-1-ols. 


As already stated [1], the photochemical bromination of 2-methyl-3-butyn-2-ol in hexane gives a product 
containing not less than 91% of the cis-isomer. The photochemical bromination of 1-ethynylcyclohexanol 
proceeds still more selectively. The free-radical character of this reaction is confirmed by the sharp retardation 
of bromination in the dark and the formation, as byproducts, of hydrogen bromide and a mixture of bromohexanes 
(up to 6% of the amount of bromine taken), which are not formed under these conditions in absence of the acetyl- 
enic alcohol. The previously noted [1] partial dehydration of cis-2,3-dibromo-2-alken-1-ols during distillation 
can be avoided by careful neutralization of the reaction product. An interesting byproduct of the bromination of 
2-methyl-3-butyn-2-ol is 2,3-dibromo-2,3-dimethylbutane. The amount of this depends on the intensity and 
frequency of the light: in diffuse daylight scarcely any dibromodimethylbutane is formed; under the illumination 
of a 500-w lamp it is formed in 3% yield; and under the radiation of a quartz lamp the yield is 8% (on the amount 
of acetylenic alcohol). As no dibromodimethylbutane can be detected after the ultraviolet irradiation of cis- 


and trans-3,4-dibromo-2-methyl-3-buten- 1-ols, its formation is apparently to be explained by the recombination 
of (CHg)2C “Br radicals formed in the bromination process. 


*For Communications 1 and 2 see Zhur. Obshchei Khim. 27, 1540 (1957); 28, 1132 (1958). [See English transla - 
tions. ] 
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Compositions of Products of the Bromination of Acetylenic Alcohols (according to spectrum -analysis 
data) 


Contents (%) of stereoisomeric 


dibromo compounds in the reac - 
tion products 


Acetylenic alcohol Bromination conditions 


trans 


2-Propyn-1-ol 


In CCl, under irradiation * 


2-Methyl-3 -butyn-2-ol In hexane under irradiation* 

In CCl, under irradiation* 

In glacial acetic acid in daylight 

In glacial acetic acid in the dark 

In glacial acetic acid in the dark 
in presence of LiBr 

In chloroform in the dark 


In methanol in the dark 


2-Methy1-3-butyn-2-ol 
acetic ester 


In hexane under irradiations 


1 -Ethynylcyclohexanol In hexane under irradiations 100 - 
In glacial acetic acid in the dark 5 95 
In glacial acetic acid in the dark 
in presence of LiBr - 100 
In chlorofo:m in the dark 49 51 
In methanol in the dark 64 36 
2-Methyl-3-butyn-2-ol acetic ester 


* Irradiation with a quartz mercury lamp. 


In the bromination of tertiary 2-propyn-1-ols in acetic acid in the dark, mixtures of cis- and trans-2,3- * 
dibromo-2-alken-1-ols containing 5-15% of the cis-form are formed. In bromination in diffuse light the con- i. 
tent of the cis-isomer increases somewhat, but in presence of 2 M LiBr the reaction proceeds selectively with 
formation of trans-2,3-dibromo-2-alken-1-ols. In chloroform and ether cis- and trans-isomers are formed in 
approximately equal amounts, but in methanol the cis-form predominates. _ 
When brominated in hexane, the acetic esters of tertiary acetylenic alcohols do not behave analogously : 
to the free alcohols. The cis-configuration of the reaction products was proved by its careful hydrolysis with : 
10% sodium methoxide solution at room temperature. This results not only in hydrolysis to cis-2,3-dibromo-2- 
alken-1-ols, but also in elimination of hydrogen bromide with formation of bromo acetylenic alcohols, which 
are partially converted into unsaturated acids: =e 
—- = CBr] =CHCOOH 
(CHs)2C% 
OH 
OCOCHs 


J 
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The hydrolysis of cis-3,4-dibromo-2-methyl-3 -buten-2-ol acetic ester is accompanied by partial breakdown 
of the molecule with formation of cis-dibromoethylene and bromoacetylene. 


Under these conditions the isomeric trans-dibromo compounds formed by the acetylation of trans-2,3- 
dibromo-2-alken-1-ols give neither bromo acetylenic alcohols, nor acids, but are hydrolyzed with formation 
not only of 2,3-dibromo-2-alken-1-ols, but also trans-dibromoethylene. It is interesting that the treatment of 
trans -3.4-dibromo-2-methyl-3-buten-2-ol with potassium hydroxide powder in ether gives not only trans- 
dibromoethylene, but also 1,4-dimethy1l-3-hexyne -2,5-diol: 


Br H OH- Br H Br JH 
(CHs),C“| “Br H% Br 
OH OH OH 
OCOCH; 


In bromination in acetic acid, acetic esters of tertiary acetylenic alcohols behave differently from the 
free alcohols with formation not only of acetates of trans-2,3-dibromo-2-alken-1-ols, but mixtures of carbonyl 
compounds. In the case of 2-methyl-3-butyn-2-ol acetic ester the semicarbazones of 1-bromo-3-hydroxy -3- 
methyl-2-butanone and its acetic ester were obtained [2]. In the bromination of 1-ethynylcyclohexanol acetic 
ester in acetic acid the known acetic ester of 1-hydroxycyclohexyl dibromomethyl ketone was isolated [3]. The 
tendency for the acetic ester of 1-ethynylcyclohexanol to behave differently from the free alcohol and form the 
dibromo ketone has already been noted in a study of its reaction with N-bromoacetamide [3]. 


In order to link the results with the question of the mechanism of the bromination of the triple bond it was 
important to study the possibility of the isomerization of cis- and trans-dibromo olefins under the conditions of 
reaction. It has already been noted [1] that tertiary ¢is-2,3-dibromo-2-alken-1-ols do not change into the 
trans-isomers on standing in acetic acid solution in the dark in presence of traces of bromine. On the other 
hand, when illuminated in hexane in presence of traces of bromine, both the cis- and the trans-dibromo com- 
pounds pass into a mixture of cis- and trans-forms of about the same composition. The isomerization of trans- 
dibromo compounds proceeds spontaneously in absence of bromine after long standing in the dark, whereas under 
these conditions cis-dibromo compounds are scarcely affected. The spontaneous transition of trans -dibromoethy - 
lene into the cis-form has been noted several times in the literature [4, 5). Our results show that some mono- 
substituted dibromoolefins can also suffer similar isomerization. The greater stability of these cis-dibromoethy - 
lenes, as compared with their trans-isomers, is an interesting anomaly which is still in need of explanation. 


EX PERIMENTAL 


Bromine was purified by shaking it with concentrated sulfuric acid and distillation over potassium bromide. 
Acetic acid was purified by distillation over chromium trioxide and the calculated amount of acetic anhydride 
{6}. As shown previously [7], the acetic acid so obtained contains 0.1-0.2% of water. Carbon tetrachloride was 
washed with dilute chromic acid mixture, with sodium hydroxide solution, and with water; it was dried with 
sodium sulfate and by boiling it over phosphoric oxide, and it was fractionated with collection of the fraction 

of b.p. 75.5-76°. Chloroform and methanol were purified by the usual methods [8]. 


The bromination of acetylenic alcohols in hexane was carried out by addition of a solution of the calculated 
amount of bromine in 50-100 ml of hexane to a solution of the acetylenic compound in hexane under the radia - 
tion of a PRK -4 quartz lamp. The bromine was added dropwise with stirring at such a rate that the temperature 
of the reaction mixture did not exceed 25°, After the addition of the bromine the mixture was washed with 
aqueous thiosulfate, aqueous bicarbonate, and water,and was dried with sodium sulfate or calcium chloride. 
Bromination in carbon tetrachloride was carried out in an analogous way. Bromination in acetic acid solution 
was Carried out in a dark place or in a vessel wrapped in opaque paper. The calculated amount of bromine in 
acetic acid was added dropwise at 25° to a stirred acetic acid solution of the acetylenic alcohol, which was 
cooled with water. The mixture was diluted with water, the oil formed was separated, the aqueous layer was 
extracted with ether, and the combined ether layer was washed and dried as indicated above. When lithium 
bromide was used, we took 2 moles of the salt per mole of acetylenic compound. 


For the spectrum analysis the liquid mixtures of bromo compounds were distilled in such a way as to avoid 
fractionation. 1-(1,2-Dibromovinyl)cyclohexanol was not recrystallized. Before spectrum investigation the 
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Fig. 1. Infrared spectra of stereoisomeric 1-(1,2-dibromovinyl)cyclohexanols, f 
3,4-dibromo-2-methyl-3-buten-2-ols, and their acetic esters. - 
dibromo compounds were generally subjected to chemical analysis to ensure that impurities were absent. The ; 
infrared spectra were studied with the aid of an IKS-11 spectrometer; the results were recorded autographically 
on a ribbon; * the spectra were determined in chloroform. 8 


The spectra of all the cis-2,3-dibromo-2-alken-1-ols have an intense band in the region of 1600 cm” 


and bands of various intensities in the region of 700 cm™'; there is no absorption in the region of 900 cm™'. In 


the spectra of the trans-isomers there are intense bands at 900 cm™!, and there are no bands at all in the region “a 
of 700 cm-'. Also, in the spectra of 2.3-dibromo-2-alken-1-ols there is a series of absorption bands in the : 
* The infrared spectra were determined and interpreted by B. V. Lopatin. 
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region 1500-1400 cm~! which can be ascribed to the CH group in the C = CH group [9, 10]. In the spectrum 
of trans-3,4-dibromo-2-methyl-3-buten-2-ol very weak bonds were detected in the region of 1600 cm‘; these 
are probably due to the presence of cis-form as impurity (Fig. 1). 


The contents of the isomers were determined on the basis of the Lambert-Beer law by comparison of the 
intensities of the absorption bands at 900 and 1600 cm-! for the pure isomers and for the mixtures to be analyzed. 
Analysis of specially prepared mixtures with known contents of the isomers showed that the relative error in this 
method does not exceed 5%. The results of the analyses are given in the table. 


Bromination of 2-Propyn-l-ol. 2-Propyn-1-ol (11.2 g; 0.2 mole) was brominated in 150 ml of carbon 
tetrachloride with irradiation. Fractionation of the reaction product gave 32 g (74%) of 2,3-dibromo-2-propen- 
1-ol, b.p. 55-56° (1 mm) and n?°p 1.5796, which crystallized out when allowed to stand in a refrigerator; 

m.p. 28-30°. Found: Br 74.22, 74.30%. C3H,OBr,. Calculated: Br 74.06%. 


The infrated spectrum indicated that the product was of trans configuration [1610 (w), 1450(m), 2230(m), 1065 (w), 
1040 (w), 968 (s), 798 (w), 719 (m), and 705 (m)); (the symbols w, m, and s refer to the intensity of the absorp- 
tion and mean “weak? “medium” and “strong,” respectively.) 


According to the literature [11] the product of the bromination of 2-propyn-1-ol boils at 205-208° (760 mm). 


Bromination of 2-Methyl-3-butyn-2-ol in Hexane, 2-Methyl-3-butyn-2-ol (84 g) was brominated in 


hexane under the previously described conditions [1], but under the radiation of a quartz lamp. Vacuum frac- 
tionation of the product through a column gave the following fractions; Fraction I (9.8 g) was 2,3-dibromo-2,3- 
dimethylbutane, b.p. up to 55° (6 mm); it solidified in the condenser. After two crystallizations from alcohol 

it had m.p, 173-175° (in a sealed capillary; it sublimes). Found: C 29.48, 29.48, H 4.94, 4.89, Br 65.60, 65.47%, 
CgHyBr,. Calculated: C 29.5, H 4.98, Br 65.57% A mixture test with a sample of 2,3-dibromo-2,3-dimethyl- 
butane (m.p, 175-176° in a sealed capillary) obtained by the bromination of 2,3-dimethyl-2-butene [12] showed 
no depression of melting point. Fraction II (211 g) was a mixture of stereoisomeric 3,4-dibromo-2-methyl-3- 
buten-2-ols (yield 86%); b.p. 76-80° (6 mm); nD 1.5422. According to the infrared spectrum, this fraction 
contained not more than 8% of trans-isomer. 


Bromination of 2-Methy1-3-butyn-2-ol AceticEster. In hexane. 2-Methyl-3-butyn-2-ol acetic ester 
(21 g; % of a mole) (b.p. 136-138°) was brominated in hexane under the radiation of a quartz lamp under the 


conditions for the preparation of cis-3,4-dibromo-2-methyl-3-buten-2-ol. Fractionation of the reaction product 
gave the following fractions: Fraction I (2.42 g) was 2,3-dibromo-2,3-dimethylbutane, b.p. up to 50° (6 mm); 
m.p. (sealed capillary) 172-175° (from alcohol). There was no depression of melting point in admixture with 
known sample. Fraction II (36.9 g; yield 77%) was a mixture of stereoisomeric 3,4-dibromo-2-methyl-3-buten- 


2-ol acetic esters, b.p. 71-74.5° (2 mm) and n*!-5p 1.5184 containing not more than 11% of trans-isomer according 
to the infrared spectrum. 


In acetic acid. 2-Methyl-3-butyn-2-ol acetic ester (43 g) was brominated in 150 ml of glacial acetic 
acid. Fractionation of the product gave the following fractions: Fraction I (49 g); b.p. 80-103°(10 mm} 
nD 1,5180-1,5002 (contained mainly 3,4-dibromo-2-methyl-3-buten-2-ol acetic ester), Fraction II (18.2 g); 
b.p. 103-108°(10 mm); n*°D 1.4909, Fraction III (14.1 g); b.p. 91-106°(3 mm); n”D 1.5278 (probably con- 
tained a polybromo ketone). 


All fractions were strongly lacrimatory and darkened in color on standing. Fraction II (12 g) was treated 
with a solution of semicarbazide acetate (prepared from 5 g of semicarbazide hydrochloride) in methanol. 
After 24 hr 3.8 g of the semicarbazone of the acetic ester of 1-bromo-3-hydroxy -3-methyl-2-butanone, which, 
after three crystallizations from alcohol, melted at 102-105° [2]. Found: N 14.88, 15:11%. CgH,O,N,Br. Cal- 
culated: N 15.00%. 


The mother liquors were set aside in a crystallizer. When most of the solvent had evaporated, petroleum 
ether was added, and 2.9 g of the semicarbazone of 1-bromo-3-hydroxy -3-methyl-2-butanone, m.p. 125-126° 
(from a 1 : 2 mixture of petroleum ether and alcohol), was filtered off. The literature [2] gives m.p. 122-123°, 
Found» N: 17.20, 17.31%, CgH,,O,N,Br. Calculated: N 17.64%. 


Hydrolysis of cis-3,4-Dibromo-2-methyl-3-buten-2-o] Acetic Ester. With water cooling a solution of 7 g 
of sodium in 75 ml of methanol was added to 28.6 g (0.1 mole) of the acetic ester prepared by the acetylation 
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of cis-3,4-dibromo-2-methyl-3-buten-2-ol [1]. A precipitate of sodium bromide quickly formed. The mixture 
was left for 36 hr at room temperature, 150 ml of water was added, and the heavy oily layer was separated. The 
aqueous solution was extracted with ether, and the ether extracted was added to the oil, which was washed with 
2% hydrochloric acid and dried with magnesium sulfate. Two fractional distillations gave the following frac - 
tions: Fraction I (3.4 g) was cis-1,2-dibromoethylene; b.p. 59- 61° (160 mm); nD 1.5356. According to the 
Raman spectrum this fraction contained not more than 4 + 0.5% of trans- ses Riepenprersions- amma Fraction II 
(12.3 g); bp. 68-70° (17 mm); n°D 1.4906. The p-nitrobenzoate had m.p. 88.5-89.5° (from petroleum ether), 
undepressed by admixture of the p-nitrobenzoic ester of the alcohol prepared from 2-methyl-3-butyn-2-ol by 
the method of Straus, Kollek, and Heyn [13]. Found: N 4.66, 4.65%. Cy HygO4BrN. Calculated: N 4.49%, 


The water-methanol layer was vacuum-evaporated to small bulk, carefully acidified with concentrated 
hydrochloric acid, and extracted with ether. The ether extract was dried with magnesium sulfate, ether was 
distilled off, and we obtained 4.1 g of senecioic acid, m.p. 69-70°. 


Acetylation of trans-3,4-Dibromo-2-methyl-3-buten-2-ol. trans-3,4-Dibromo-2-methyl-3-buten-2-ol 
[1] (20 g) was acetylated in the cold with acetic anhydride in presence of phosphoric acid under the conditions 
described by Levina and Shabarova [14]. Vacuum fractionation of the reaction product through a column gave 
the following fractions: Fraction I (3.9 g); b.p. 40-50° (7 mm); n’D 1.5470-1.5330; this appeared to consist 
mainly of trans-3,4-dibromo-2-methyl-1,3-butadiene. Fraction II (17.1 g); b.p. 67-71° (1 mm); n”D 1.5128. 
Fraction III (4.0 g); b.p. 71-84° (1 mm) n 2° 1.5952; this rapidly darkened in color, Fractionation of Fraction II 
gave 15.8 g of the acetic ester of b.p. 68-69° (1 mm); nD 1.5136. 
Found: C 29.66, 29.63, H 3.72, 3.64, Br 55.65, 55.69%. C 7H 9OBr,. Calculated: C 29.40, H 3.52, Br 55.89%, 


Hydrolysis of trans-3,4- Dibromo-2-me thyl-3-buten-2-ol Acetic Ester. The acetic ester (14.3 g) was treated 


with a solution of 3.5 g of sodium in 50 ml of methanol under the conditions used for the hydrolysis of the cis ester. 
Vacuum fractionation of the reaction product gave two fractions: Fraction I (2.8 g) was trans-1,2-dibromoethylene; 


b.p. 53-56° (150-160 mm); nD 1.5464. Fraction II (7.7 g) was trans-3,4-dibromo-2-methyl-3- buten-2-ol; 
b.p. 75-76°(7 mm); np 1.5473; p-nitrobenzoic ester, m.p. 119-120°, undepressed by admixture of a known 
sample [1]. 


44.8 g 3 (0.2 mole) of trans-3,4-dibromo-2 = 3- buten-2 -ol in 50 ml of ether was sles over a period of 
40 min with vigorous stirring and water cooling to a mixture of 28 g (0.5 mole) of potassium hydroxide powder 
and 100 ml of ether. The mixture was stirred for two hours at 35°, water was added carefully, the ether layer was 


separated, and the aqueous solution was extracted with ether. The ether extract was dried with magnesium sulfate, 
and ether was distilled off. Fractionation of the residue through a column gave the following fractions: Fraction I 


(8.1 g) was 1,2-dibromoethylene (yield 22%); b.p. 53-57° (150-160 mm); n°D 1.5451. According to the Raman 


spectrum, this fraction contained not more than 16% of cis-1,2-dibromoethylene. Fraction II (23 g) was unchanged 


trans -3,4-dibromo-2-methyl-3-buten-2-ol; b.p. 75-78° (8 mm); 1.5457; p-nitrobenzoic ester, m.p. 119-120° 
(from a 2; 1 mixture of petroleum ether and diethyl ether). The residue was a semicrystalline mass, from which, 
by crystallization from petroleum ether containing a little alcohol, we isolated 4.9 g of 1,4-dimethyl-3-hexyne - 

2,5-diol, m.p. 94 95°, undepressed by admixture of a known sample. 


Bromination of 1-Ethynylcyclohexanol Acetic Ester. In hexane. 1-Ethynylcyclohexanol acetic ester [10 g; 
b.p. 91.91.5° (15 mm); n?°D 1.4462] was brominated under the radiation from a quartz lamp in 80 ml of hexane. 
Fractionation of the reaction product gave 16 g (82%) of cis-1-(1,2-dibromovinyl)cyclohexanol, b.p, 116-118° 
(2.5 mm) and nD 1.5321, as a colorless liquid which darkened with standing. Found: C 37.13, 36.96, H 4.19, 
4.18%. Cy Calculated: C 36.82, H 4.33% 


In acetic acid, 1-Ethynylcyclohexanol acetic ester (20 g) was brominated in 100 ml of glacial acetic 
acid at room temperature. After a short time at 0°, crystals were precipitated from the light-yellow oil, and 
these were filtered off and crystallized twice from petroleum ether. This gave 20.4 g (60%) of the acetic ester 
of 1-hydroxycyclohexyl dibromomethyl ketone, m.p. 51.5-52°, undepressed by admixture of a known sample [3]. 
The mother liquors were combined, and fractionation gave the following fractions: Fraction I (5.4 g); b.p. 94-97° 
(18.5 mm); n”°D 1.4460; Fraction II (3.3 g), b.p. 83-131° (4.5 mm); this rapidly darkened in air. Fraction II 
(14.4 g); b.p. 101-104° (1 mm); n?°D 1.5408. Fraction III was a mixture of the acetic esters of stereoisomeric 
4 -(1,2-dibromovinyl)cyclohexanols, and according to the infrared spectrum it contained not more than 13% of 
cis-isomer. Found: C 36.46, 36.50, H 4.09, 4.42%. Cy9HjgO.Brp. Calculated: C 36.82, H 4.33%. 
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Hydrolysis of the Acetic Ester of cis-1-(1,2-Dibromovinyl)cyclohexanol. A solution of 5.6 g of cis-1-(1,2- 
dibromovinyl)cyclohexanol and 4 g of potassium hydroxide in 50 ml of alcohol was kept for three days at 20° 
(potassium bromide was slowly precipitated). Alcohol was vacuum-distilled off, water was added, and the mix- 
ture was extracted with ether. The ether extract was neutralized by the passage of carbon dioxide, washed with 
water, and vacuum -evaporated down to 10 ml; 15 ml of petroleum ether was added, and the mixture was left 
overnight in a refrigerator. The precipitated crystals were crystallized twice from a 2 : 1 mixture of petroleum 
ether and diethyl ether. We obtained 2.4 g (60%) of 1-(bromoethynyl)cyclohexanol, m.p, 54.5-56°, undepressed 
by admixture of a sample synthesized by Straus's method [13] (m.p. 55.5-56°). 


The aqueous layer was cooled with ice and carefully acidified with hydrochloric acid and extracted with 
ether. The residue remaining after the removal of ether crystallized on addition of a little water. Repeated 
crystallization from aqueous methanol gave 0.66 g (13.5%) of A''a- cyclohexaneacetic acid, m.p. 89-90°. The 
literature [15] gives m.p. 91°. 


After recrystallization from alcohol, the S-benzylthiouronium salt of A’ “-cyclohexaneacetic acid melted 
at 162-163°. Found: N 9.59, 9.76% Calculated: N 9.12% 


Acetylation of trans-1-(1,2-Dibromovinyl)cyclohexanol. By the acetylation of 28.4 g of trans-1-(1,2- 
dibromovinyl)cyclohexanol with acetic anhydride in presence of phosphoric acid [14] we obtained 30.1 g of the 


acetic ester; b.p. 105.5-106° (1.2 mm); n’°D 1.5388. Found: C 36.61, 36.66, H 4.47, 4.33% CygH,4O2Br,. Cal- 
culated: C 36.82, H 4.33%. According to the infrared spectrum, this preparation does not contain any cis-isomer. 


Isomerization of 2,3-Dibromo-2-alken-1l-ols. The isomerization was effected by the irradiation of a solu- 
tion of the dibromo compound in hexane containing one drop of bromine by means of a PRK -4 quartz lamp for 
four hours. The solution to be irradiated was placed ina quartz flask. At the end of the irradiation the solvent was 
vacuum -distilled off. Under these conditions trans-3,4-dibromo-2-methyl-3-buten-2-ol [b.p. 76-77°(7 mm); 
n*°D 1.5469] passed into a mixture of isomers having n°°D 1.5429 and containing 814 4% of cis-isomer according 
to spectrum analysis. After further irradiation for two hours the refractive index of the mixture was unchanged. 
A similar mixture was formed in the irradiation of cis-3,4-dibromo-2-methyl-3-buten-2-ol. When allowed to 
stand in the dark for two months, trans 3,4-dibromo-2-methyl-3-buten-2-ol (10 g) became dark in color. Frac- 
tionation gave 6.9 g of a mixture of dibromo compounds, b.p. 75-79° (6 mm) and n*°D 1.5437, which, according 
to the infrared spectrum, contained 69 4 3.5% of cis-isomer. 


The acetic ester of trans-3,4-dibromo-2-methyl-3-buten-2-ol [b.p. 68-69° (1 mm); nD 1.5136] gave a 
mixture of cis- and trans-isomers on irradiation; according to the infrared spectrum this contained 78 + 4% of 
the cis-form. When liquid trans-1-(1,2-dibromovinyl)cyclohexanol [b.p. 106-108° (2 mm); nD 1.5680] was 
irradiated in hexane, it solidified. The impure pale-yellow crystals, m.p. 68-70° contained 79 + 4% of the 
cis-dibromo compound according to spectrum analysis. When allowed to stand for six months in a refrigerator, 


the liquid trans-isomer partially solidified. The crystals were filtered off and washed with a little cold hexane; 
yield 62%; m.p. 66-70°, 


SUMMARY 
1, The photochemical bromination of 2-propyn-1-ol gives mainly the trans-dibromide, whereas tertiary 
acetylenic alcohols and their acetic esters give mainly cis-dibromo compounds. 
2. The trans-dibromides of tertiary acetylenic alcohols and their acetic esters are less stable than their 
cis-isomers and pass into these when irradiated or allowed to stand in the dark. 


3. In the bromination of tertiary acetylenic alcohols in acetic acid. mixtures of dibromides are formed 


in which trans-isomers predominate. In presence of small amounts of lithium bromide in the dark, selective trans- 
bromination can be effected. 
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STEREOCHEMISTRY OF ADDITIONS TO A TRIPLE BOND 


COMMUNICATION 4, STEREOCHEMISTRY OF THE ADDITION OF BROMINE 
TO ACETYLENE AND MONOSUBSTITUTED ACETYLENES 


I. N. Nazarov and L. D. Bergel*son 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 


Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 896-901, May, 1960 


Original article submitted October 17, 1958 


In continuation of our systematic study of the stereochemistry of the bromination of acetylenes [1] we 
investigated the bromination of acetylene, of propyne, and of 3,3-dimethyl-1-butyne. It is known that under 
the usual conditions acetylene is not brominated selectively to dibromoethylene, but gives tetrabromoethane, 
so the bromination was carried out under a pressure of acetylene in an acetylene reactor [2]. Under these con- 
ditions scarcely any tetrabromoethane was formed so long as the pressure of acetylene in the reactor was not 
allowed to fall below 5 atm. Study of the Raman spectra of the resulting preparations of dibromoethylene showed 
that the steric orientation in the bromination of acetylene depends on the solvent: in hexane a 55 ; 45 mixture of 


cis- and trans-dibromoethylenes is formed, whereas in acetic acid, trans-dibromoethylene is obtained together 
with a water-soluble carbonyl compound (probably dibromoacetaldehyde). 


The bromination of propyne had to be carried out under somewhat different conditions, because the amount 
of this hydrocarbon available did not allow us to carry out the reaction in a reactor under pressure. We succeeded 
in effecting selective addition of one molecular proportion of bromine by carrying out the reaction with excess 
of propyne in propionic acid at -30°. Under these conditions in presence of lithium bromide only trans -1,2- 
dibromopropene was formed. When the reaction was carried out in heptane at the same temperature with irra - 


diation, the product was a mixture of cis- and trans-dibromides containing 21 + 2% of cis-isomer according to 
spectrum analysis. 


The bromination of 3,3-dimethyl-1-butyne was more stereospecific. In hexane under irradiation this gave 
1,2-dibromo-3,3-dimethyl-1-butene, which, according to fractionation results and the infrared spectrum, con- 
tained not less than 90% of the cis-isomer. On bromination in acetic acid in the dark a mixture of substances 
was obtained which contained small amounts of carbonyl compounds. After treatment of this mixture with semi- 
carbazide a sample of trans -1,2-dibromo-3,3-dimethyl-1-butene was isolated; according to the infrared spectrum 
this product contained no cis-isomer (Fig. 1). 


The results on the steric composition of the bromination products (Table 1) show that in the photochemical 
bromination of monosubstituted acetylenic hydrocarbons(RC = CH)the relative amount of cis-dibromide increases 


with the size of the substituent R. Hence, here again the relation found by us for the bromination of acetylenic 
alcohols holds [1]. 


Like trans-2,3-dibromo-2-alken-1-ols [1], the trans-dibromo olefins studied in this investigation are par- 
tially converted into cis-isomers under the conditions for photochemical reactions. However, comparison of 
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Infrared spectra of the stereoisomeric 1,2-dibromo-3,3-dimethyl-1- butenes 


and of trans-1,2-dibromopropene. 
TABLE 1 


Compositions of Bromination Products from Acetylenes 


Content (%) of dibromoethy -| Method of de- 
lene stereoisomer in reac- |termination of 
tion product composition 
of reaction 
products * 


» 


Acetylenic compound Bromination conditions 


Acetylene In hexane, in the dark, in presence of § 
(CgHgCO),0, 
In glacial acetic acid in the dark 
Propyne In hexane with irradiation* * 
In propionic acid in the dark in 
presence of LiBr 
3,3-Dimethyl-1-butyne | In hexane with irradiation * * : 
In glacial acetic acid in the dark in 
presence of LiBr 
*RS—study of Raman spectra; IR—study of infrared spectra; Fr—fractional distillation. 
¢ «Irradiation with a PRK -4 quartz mercury lamp. 
quantitative data shows that the products of the photochemical bromination of acetylenic alcohols and hydro- 
carbons differ in composition from the products of the isomerization of trans-dibromides. Although the isomer- 
izate cannot be identified unreservedly with the equilibrium mixture of cis- and trans-dibromo olefins, these 
data nevertheless indicate that in the bromination of a triple bond under free-radical conditions at least partial = 
cis addition occurs. It is interesting that the difference in the contents of the cis-form in the product of photo- 
chemical bromination and in the isomerizate, which can be regarded as a measure of the tendency for cis addi- 7 


tion to occur, also increases as we pass along the following series of substituents: 


H<CH,<CH,OH <(CH3),COH <(CH,), COH < (CH,),C 


tendency for cis addition 
i.e., as the size of the substituent increases (Table 2). 


a CH3- CBr =CHBr 
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TABLE 2 
Compositions of Isomerization Products from trans-Dibromoethylenes + 


Difference in contents 
of cis-form in product 
of free-radical bromina - 
tion and in isomerizate 


Composition of isomeriza - 
tion product (%) 


Compound 


1,2-Dibromoethylene 
1 ,2-Dibromopropene 
2,3-Dibromo-2 -propen -1 -ol 
3,4-Dibromo -2-methy!-3-buten-2-ol 
3,4-Dibromo -2 -methyl-3-buten-2-ol 
acetic ester 

1 -(1,2-Dibromovinyl)cyclohexanol 
1,2-Dibromo-3,3-dimethyl-1-butene 


«Determined by spectrum analysis. 


This effect of the size of the substituent shows that orientation in the photochemical bromination of mono- 
substituted acetylenes is largely determined by the thermodynamic stability of RC = CHBr radicals. From the 
data of Ingold and King [3] concerning the nonlinear structure of the diradical form of acetylene, it may be 
assumed that RC = CHBr radicals may exist in cis- and trans-forms: 


The configuration (II) of the intermediate radical is destabilized by the repulsion of the lone electron and 
the electrons of the C—Br bond, and the configuration (I) by the repulsion between the substituent R and the 
bromine atom. Hence, for large R substituents the radical (1) is the more stable and bromination proceeds mainly 
by trans addition. For large R substituents the configuration (II) becomes stable and cis addition of bromine be- 
comes predominant. 


Unlike free-radical bromination, ionoid reaction in acetic acid is a stereospecific process of trans addition. 
The possibility cannot be excluded that the formation of a certain amount of cis-dibromides under these condi - 
tions is to be explained by the isomerization of trans compounds. However, the absence of cis-isomers when 
bromination is carried out in lithium bromide solution shows that cis-isomers are probably formed not by isomer- 
ization, but as a result of the superposition of the free radical mechanism of bromination, for Shilov and Smirnov - 
Zamkov [4, 5] have shown that additions of lithium bromide suppress free-radical reaction. 


EX PERIMENTAL 


The reactants were purified as indicated previously [1]. The infrared spectra were determined in chloro- 
form and were treated as described in the previous communication [1]. The Raman spectra of cis- and trans-1,2- 
dibromoethylenes were determined in absence of solvent in an NSP-51 apparatus.* The contents of isomeric 
dibromoethylenes in mixtures were determined from the intensities of the 579 cm=' line, which is characteristic 

for the cis-isomer, and the 744 and 1241 cm~! lines, which are characteristic for the trans-form {6]. The intensities 


* The infrared spectra were determined by B. V. Lopatin, and the Raman spectra by V. M. Medvedeva. 
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of the lines were determined by comparison with an internal standard [7]. The intensity of the valence -vibra - 
tion band for the C = C bond served as an internal standard; this is 30 units on the CCl, scale. 


Bromination of acetylene. In petroleum ether. A 1500-ml acetylene reactor [2] was charged with 200 ml 
of hexane and 0.3 g of benzoyl peroxide. Air was displaced with nitrogen, and the hexane was saturated with 


acetylene at 7 atm -3°. A solution of 40 g of bromine in 50 ml of petroleum ether was added with agitation, 

and agitation was continued at a temperature from -3° to -5°. After two hours, when the pressure had fallen to 

2 atm, the pressure was again brought to 7 atm and agitation was continued with cooling for eight hours. Iodo- 
metric titration of a sample showed that about 60% of the bromine had reacted. The reaction mixture was 

washed with sodium thiosulfate solution and with water, dried with calcium chloride, and distilled. We obtained 
26 g of a mixture of cis- and trans-1,2-dibromoethylenes; b.p. 60-62°(163 mm); n*4D 1.5408-1.5340. The whole 
fraction had n*'D 1.5379. The intensities of Raman lines for the mixture were 744 cm™'-22 units, 1241 cm-'-27 
units, which corresponds to a trans-isomer content of 55% 


In acetic acid, A 1500-ml acetylene reactor was charged with 200 ml of 80% aqueous acetic acid, air was 
displaced with nitrogen, and the acid was saturated with acetylene at 7 atm at 5-7°, With vigorous agitation a 
solution of 40 g of bromine in 50 ml of 90% acetic acid was added. The pressure in the reactor, which at first 
fell rapidly, was kept constant at 5-7 atm. After three hours the solution no longer contained free bromine. 
Water (600 ml) was added, and the lower layer was separated and washed with thiosulfate solution, bicarbonate 
solution, and water; it was dried in an atmosphere of nitrogen with calcium chloride (two hours at 0°), Distilla - 
tion gave 34 g of trans-1,2-dibromoethylene; b.p. 54-56° (150-160 mm); n™D 1.5456-1.5470; the whole fraction 
had n”’D 1.5461. The purity of this product was confirmed by its Raman spectrum, in which the line at 579 cm™' 
was almost absent. When the product was set aside in a refrigerator for two months the spectrum changed: a line 
of appreciable intensity appeared at 579 cm~', and the intensity of the line at 744 cm-! fell to 22 units. 


Bromination of Propyne. In pentane. At -60° 58 of propyne was added to 50 ml of pentane, and a solu- 
tion of 14 g of bromine in 15 ml of pentane was then added dropwise with stirring at -35° under the radiation 
of a quartz lamp (30% excess of propyne). The bromination took 50 min. After the usual treatment (drying with 
potassium carbonate) we obtained 13.9 g of a mixture of dibromopentenes (yield 50% on the amount of bromine); 
b.p. 45° (36 mm); nD 1,5318-1.5320, According to the infrared spectrum the product consisted of a mixture of 
cis- and trans-1,2-dibromopentenes in the ratio of 1 : 5. 


In propionic acid in presence of lithium bromide. A solution of 10 g of lithium bromide in 50 ml of 
propionic acid (m.p, -22°) was saturated with gaseous propyne at -20° with gradual lowering of temperature to 
-30% The solution was stirred in the dark with continuous passage of propyne at the same temperature while 
dropwise addition was made of a solution of 14 g of bromine in 10 ml of propionic acid. The bromination 
tasted about three hours. The usual treatment gave 12.8 g (73%) of trans-1,2-dibromopropene; b.p. 46-47° 
(40 mm); n”°D 1.5336. According to the literature,trans-1,2-dibromopropene has b.p. 40.9° (28 mm) and np 
1.5326 [8] or b.p. 125.9° (760 mm) and np 1.5368 [9]. According to the infrared spectrum the product con- 
tained no cis-isomer; however. a feeble carbonyl band was present in the spectrum. 


Bromination of 3,3-dimethyl-1-butyne. 3,3-Dimethyl-1-butyne was brominated under the conditions 
described in the preceding communication [1]. In hexane, When photochemically brominated in hexane, 9 g 
of 3,3-dimethyl-1-butyne [10] [b.p. 37-38° (760 mm); nD 1.3750] gave a product from which by two fractiona- 
tions we isolated 25.2 g (90.8%) of cis-1,2-dibromo-3,3-dimethyl-1-butene; b.p. 73-75° (16 mm); was B) 1.5124; 
d, 1.596; found MR 45.50; calculated MR 45.57. Found: C 30.34, 30.20, H 4.29, 4.19, Br 66.32, 66.41% 
CgHyoBtz. Calculated: C 29,78, H 4.17, Br 66.05%, 


The infrared spectrum showed that there was essentially no trans-isomer in the product (complete absence 
of absorption at 900 cm”), 


In acetic acid. 3,3-Dimethyl-1-butyne (9 g) was brominated in the dark in glacial acetic acid in presence 
of lithium bromide. Distillation gave 21.0 g of substance; b.p. 74-81°(16 mm); n’'5D 1.5168 -1.5182. In the 
analysis of this product low valueswere obtained for the C, H, and Br contents, which was an indication 
of the presence of oxygen-containing compounds. To purify it from carbonyl compounds, the mixture was dis- 
solved in alcohol, treated with a saturated methanolic solution of 5 g of semicarbazide acetate and left to stand 
in an open vessel in the dark, when a yellowish-brown precipitate formed slowly. After five days the mixture 
was diluted with methanol, the precipitate was filtered off, and the mother liquor was partially evaporated down 
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in a vacuum. The residue was dissolved in ether, and the solution was shaken several times with 5% hydrochloric 
acid, neutralized with sodium bicarbonate, and dried with calcium chloride. Two fractionations gave 20.7 g 
(78%) of 1,2-dibromo-3,3-dimethyl-1-butene; b.p. 68-69° (16 mm); n75p 1.5179; d*!"5, 1.607; found MR 45.62; 
calculated MR 45.57. Found: C 30.24, 30.06, H 4.20, 4.29, Br 65.74, 65.59% CgH,Brp. Calculated: C 29.78, 

H 4.17, Br 66.05% 


The infrared spectrum indicated that there was essentially no cis-isomer in the product (absence of absorp- 
tion at 1600 cm-}), 


Isomerization of cis- and trans-dibromo olefins. Under the isomerization conditions described in the 
preceding communication [1], 10 g of trans-1,2-dibromopropene [b.p. 46-47° (40 mm), nD 1.5336] gave a mix- 
ture of isomers of b.p. 46-51° (40 mm) and n”°D 1,5311 and containing, according to the infrared spectrum, 32 
+ 6% of cis-isomer. Under the same conditions, 10 g of trans-1,2-dibromo-3,3-dimethyl-1-butene [b.p. 79° 
(16 mm); n?°p 1.5179] gave 9.8 g of a substance having b.p. 68-69° (16 mm); np 1.5142, and a, 1.598, which, 
according to the infrared spectrum, contained 66 43.5% of cis-isomer. When the mixture was irradiated further 
for three hours, its refractive index scarcely changed (n*°D 1.5140). When the trans-isomer was left in the dark 
for one month, its refractive index fell from 1.5179 to 1.5157. Under these conditions the refractive index of the 
cis-isomer did not change. Under the conditions of photochemical isomerization, cis- and trans-1,2-dibromo- 
ethylenes passed into an 11 ; 9 mixture of the cis- and trans-forms. 


SUMMARY 


1, Steric orientation in the bromination of monosubstituted acetylenes depends on the bromination con- 
ditions and the structure of the acetylenic compound. In acetic acid,ionoid reaction predominates and leads to 
trans-dibromo olefins, though small amounts of cis-isomers are formed at the same time. In the dark in presence 
of large amounts of lithium bromide trans-addition of bromide can be carried out selectively. In photochemical 
bromination in nonpolar solvents considerable amounts of cis-dibromo olefins are formed. 


2. cis-Dibromides arise not only as a result of the isomerization of trans-isomers under the conditions of 
the reaction, but also directly by cis addition of bromine atoms. In the series of monosubstituted acetylenes the 


tendency for cis addition increases with increase in the size of the substitutent. 


3. When irradiated or allowed to stand for a long time in the dark, monosubstituted trans-dibromoethylenes 
are partially converted into their cis-isomers. 
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In a previous communication [1] we gave the results of an investigation of the relation of the poisoning 
of a platinum-alumina catalyst containing 1% of platinum on the concentration of thiophene in cyclohexane. 
It was then shown that in the passage of a mixture of cyclohexane and thiophene of constant composition over 
the catalyst the dehydrogenating activity fell only during the first 1-2 hr of work and then settled down at a 
definite level; also, the fall in the activity of the catalyst in the first period of its work was determined by the 
concentration of thiophene in the original mixture and not by the total amount of thiophene passed over the 
catalyst. It was shown also that poisoned catalysts can be regenerated to their original activity by passing pure 
cyclohexane over them; however, the time required for regeneration is determined by the concentration of 
thiophene in the mixtures which were used in the poisoning of the catalyst. Elementary analysis showed that, 
after being poisoned, catalysts contained only a very small amount of sulfur (< 0.01%), X-ray structure analysis 
of the poisoned catalysts did not reveal the presence of phases other than platinum and alumina. 


In the present investigation we had the object of determining how much sulfur is deposited on the catalyst 
as a result of poisoning during the period in which its activity is stabilized and also of establishing how this amount 
of sulfur on the catalyst depends on the concentration of thiophene in the original mixtures used in the poisoning 
of the catalysts and how rapidly it is removed from the catalyst surface in the regeneration process. All these 
questions were successfully resolved by the use of thiophene containing the radioactive isotope S*®, 


EXPERIMENTAL 


Synthesis of S*-labeled thiophene. Of the many methods of synthesizing thiophene we chose the long 
known method based on the reaction of diphosphorus trisulfide with sodium succinate [2-4]: 


2P+-3S P.S3 


CH,—COONa CH =CH, 

CH,—COONa CH=CH 

The advantage of this method lies in its comparative simplicity (only two stages if we start with elementary 


sulfur) and the satisfactory yield of thiophene (> 30%, on the amount of sodium succinate, and > 15%, on the 
amount of sulfur). 


For the preparation of diphosphorus trisulfide we carefully ground a mixture of 2 g of red phosphorus and 
3.1 g of sulfur powder of high specific activity (12.9 mC/g) in an agate mortar until a uniform brown mass was 
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Fig. 1. Relation of catalyst activity to time Fig. 2. Relation of catalyst activity to thio- 
in work for different contents of thiophene phene content of original cyclohexane (after 
in the original cyclohexane: a) 1% of thio- ten hours of work). 
phene; b) 2% of thiophene; c) 3% of thio- 
phene; d) 9% of thiophene. 
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Thiophene content of cyclohexane 8 0 12 
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Fig. 3. Relation of sulfur content of catalyst Fig. 4. Relation of catalyst activity to the 
(atoms percent of sulfur on amount of plati- sulfur content of the catalyst (atoms per- 
num) to the thiophene content of the original cent of platinum). 

cyclohexane. 


Benzene content of 


catal 


wt.) 


obtained. The mass was transferred to a porcelain cruci- 
ble and the mortar was “washed out" with a previously 
prepared mixture of phosphorus and nonradioactive sulfur, 
which was then transferred to the same crucible. The 
crucible was placed in a sand bath, the mixture was 
ignited, and the crucible was rapidly covered with a lid; 
the whole was covered with sand. We obtained 3.4 g of 
diphosphorus trisulfide. 


&SSs 


Benzene content of 
catalyzate(%by wt.) 


Time (minutes) For the synthesis of thiophene, 4.3 g of diphospho 


ae tus trisulfide containing S*® was carefully ground in a deep 
Fig. 5. Relation of catalyst activity to dura- ; 
, metal mortal with 5 g of roasted sand and 5.2 g of sodium 
tion of regeneration: a, b, c, d) catalysts 
; ; succinate. Then, in the same mortar, we ground 46 g of 
poisoned by work with 1, 2, 3, and 9% of ? . : 
; : of previously prepared nonradioactive diphosphorus tri- 
thiophene, respectively. 
sulfide with 50 g of roasted sand and 55 g of sodium suc- 
cinate. The whole mixture was poured into a porcelain 
bowl and carefully mixed; it was then transferred to a round-bottomed flask of heat-resistant glass fitted with 
condenser and receivers consisting of two small flasks in series immersed in a cooling mixture (ice and salt), The 
receivers were followed by a trap filled with 20% sodium hydroxide solution. The flask containing the above- 
indicated mixture was heated by a bunsen flame, and the thiophene formed was distilled off and collected in the 
receivers as a brown liquid. It was dried over sodium hydroxide and distilled from a small flask through a column. 


In all, we obtained 13.6 g (34.8% on the amount of sodium succinate) of thiophene. Its specific activity was 
8250 counts per min per mg of barium sulfate. 


To determine the radioactivity of the thiophene it was subjected to combustion in a stream of oxygen over 
a platinum spiral [5]. The combustion products were absorbed in a bubbler with 2 ml of saturated sodium carbonate 
solution. In the further treatment we followed Aizenshtadt [6] (oxidation with bromine water and precipitation with 
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barium chloride). The resulting barium sulfate was 
transferred to a source plate [7] and its radioactivity 
determined with an end-window counter. The correc- 
tion for self-absorption was carried out with the aid of 

a well known table for self-absorption in samples of 
benzidine sulfate [8]. The correction arising from the 
shortness of the half-life of S*® was made by comparison 
of the activities of all the sources obtained in the course 
of the work with a standard prepared from barium sulfate. 
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The catalyst used in this work contained 5% of 
platinum on alumina. The preparations of the original 
alumina and of the catalyst were described in detail in[1}. 
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The dehydrogenation of cyclohexane containing 
1, 2, 3, and 9% of labeled thiophene was carried out in 
a flow apparatus at 450° under a pressure of hydrogen of 
20 atm with a space velocity of 2 hr7', and a hydro- 
gen : hydrocarbon ratio of 5. Each experiment lasted 
10-20 hr. The activity of the catalyst was checked re- 
fractometrically. After 1-2 hr from the start of the ex- 
periments the activities of the catalysts became constant; 
during this period, and also after the catalyst had been 
in work for 10-15 hr, samples were taken and analyzed 
for radiosulfur content. 
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The regeneration of poisoned catalysts was carried 
out with pure thiophene-free cyclohexane under the same 
conditions as those under which poisoning was carried out. 
When the catalysts had regained their original activity, 
samples were again taken and analyzed for sulfur content. 
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To determine radioactivity in the catalyst, tablets 
of the latter were taken and carefully ground in an agate 
mortar; sources were then prepared, The radioactivity 
was determined as indicated above for barium sulfate. 
The absolute sulfur content of the catalyst was deter- 
mined by comparison with the activity of barium sulfate, 
which contains 13.75% of sulfur. The experimental results 
are presented in the table and in Figs. 1-5. 
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.5 hr the sulfur content of the sample was 5.25. 
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It follows from the table and Figs. 1 and 2 that, as 
the previous investigation [1], in the dehydrogenation of 
cyclohexane containing various amounts of thiophene 
under reforming conditions, the activity of the catalyst 
falls rapidly in the first 1-2 hr and then settles down at 
a definite level (Fig. 1), which depends on the thiophene 
content of the original mixture (Fig. 2). Hence, the laws 
established previously [1] for a catalyst containing 1%, 


of platinum apply also to a catalyst of greater platinum 
content (5%). 
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It was shown previously that poisoned catalysts 
contain sulfur, but only in very small amounts; its 
quantitative chemical determination was impossible. 

The use of radioactive sulfur in the present work made 
it possible to determine the sulfur contents of the catalysts 
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*Test sample taken after two hours. 

* «Test sample taken after two hours. 

**« Test sample taken after 2.5 hr; after 7 
+** Test sample taken after 2.5 hr. 
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quantitatively. As will be seen from the table (Column 10), after 10-15 hr of work with mixtures of cyclohexane 
and thiophene, the catalysts contained very small amounts of sulfur (0.06-0.14% on the weight of catalyst). How- 
ever, it was found that these amounts, expressed as atoms percent on the amount of platinum, were quite appreci- 
able (Columns 11-13). The amount of sulfur in the catalyst when this had settled down at a definite level was 
related in a characteristic way to the thiophene content of the original mixture.e The sulfur content of the 
catalyst increases with increase in the thiophene content of the original mixture, and this change shows inverse 
correlation with change in catalyst activity (cf. Figs. 2 and 3). The determination of the character of the rela- 
tion of catalyst activity to sulfur content is of the greatest interest. As Fig. 4 shows, this relation was found to 

be linear. 


The new fact that we established enabled us to correlate the results of the investigation of the poisoning 
of platinum catalysts under reforming conditions [1, 9, 10] with those obtained in, for example, the well known 
work of Maxted [11] on the poisoning of platinum catalysts under the conditions of liquid-phase hydrogenation 
of unsaturated compounds. It was previously noted [1] that the linear relation of catalyst activity to the content 
of sulfur compounds in cyclohexane in dehydrogenation under reforming conditions is observed only for very low 
contents of sulfur compounds (thiophene) in mixtures (< 1%), At higher thiophene contents the linear relation 
does not hold. This difference in the process of poisoning a platinum catalyst under the conditions of a static 
system (Maxted), on the one hand, and under reforming conditions, on the other, must be attributed to the fact 
that in the second case poisoning with sulfur is not an irreversible process, and the deposition of sulfur on the 
catalyst proceeds in parallel with the removal of sulfur from the catalyst as hydrogen sulfide. The amount of 
sulfur deposited on the catalyst is determined by the equilibrium between these two processes. This finds con- 
vincing confirmation when the results of the investigation of the regeneration of catalysts poisoned with s*®- 
labeled thiophene are examined. 


Figure 5 shows that the activities of catalysts are rapidly recovered when thiophene -free cyclohexane is 

passed over them. Radiometric analysis shows that the recovery of the activity is accompanied by the removal 

of sulfur from the catalyst, which confirms the view that there is an equilibrium between the deposition of sulfyr 
on the catalyst and its removal under the conditions of dehydrogenation of mixtures of cyclohexane and thio- 
phene. It must be pointed out that catalysts which have regained their original activity as a result of regenera- 
tion are found to contain appreciable amounts of sulfur (see table, Column 14). On the average, the amount is 
40% of the sulfur content of the catalyst before regeneration. This is probably associated with irreversible deposi - 
tion of sulfur on the carrier, and it requires further investigation. 


SUMMARY 


1, An investigation was made of the poisoning of a platinized alumina catalyst (5% Pt) with thiophene 
labeled with radiosulfur under the conditions for the dehydrogenation of cyclohexane in a flow system at 450° 
and 20 atm. 


2. The general laws relating the poisoning of this catalyst to time and to the thiophene content of the 
mixture are similar to those found earlier for a catalyst containing 1% of platinum. 


3. The use of radiosulfur made it possible for the first time to determine the sulfur content of the catalyst; 
this varied from 0.063% to 0.14% according to the thiophene content of the original mixture, which corresponds 
to a change in the Pt; S atomic ratio from 13 to 5.6. 


4, The relation of the sulfur content of the catalyst to its activity is linear. 


5. Regeneration is accompanied by the removal of sulfur from the catalyst, but the activity is already 
completely regained at a point at which the catalyst still contains about 40% of the sulfur present before regener- 
ation. 
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* It was shown by special experiments that the sulfur contents of the catalysts remained constant throughout the 
whole of the times corresponding to the horizontal sections of the curves. 
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EFFECT OF THE SPECIFIC SURFACE 
OF PLATINIZED ALUMINUM SILICATE 
ON THE CONVERSION OF NONANE 


COMMUNICATION 1. CHANGE IN THE CATALYTIC ACTIVITY 


OF PLATINIZED ALUMINUM SILICATE ON TREATMENT 
OF THE CARRIER WITH HYDROGEN 


Kh. M. Minachev, N. I. Shuikin, and M. A. Markov 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 907-912, May, 1960 

Original article submitted August 30, 1958 


In one of our papers [1] we gave the results of a study of the transformations of nonane over platinized 
aluminum silicate, It was then shown that over this catalyst at 400° and a hydrogen pressure of 20 atm the con- 
version of nonane was 100%. The reaction product included a considerable amount of light hydrocarbons boil- 
ing up to 40° (more than 53% of the catalyzate) and 46% of Cg-Cy isoparaffins. When the temperature of the 
experiment was lowered to 360°, the yield of hydrocarbons boiling up to 40° was only 17.6% Hence, lowering 
of the temperature led to a considerable reduction in the amount of hydrocracking of the hydrocarbon. In the 
present work we investigated the transformations of nonane over platinized aluminum silicate in their relation 
to the specific surface of the original aluminum silicate used as carrier in the preparation of the catalyst. 


Several investigations have been devoted to the relation of catalytic activity to the specific surface of the 
catalyst. Thus, it was shown [2, 3] that, in the case of silica and alumina in the hydrolysis of chlorobenzene and 
the dehydration of ethanol respectively, the specific surface, i.e., the activity of 1 sq.m, was approximately 
constant. It was shown also [4] that in the cracking of cumene the specific surface of aluminum silicate remained 
constant. There is also a communication [5] relating to the constancy of the specific activity of platinum black 
in the hydrogenation of cyclohexene. 


EXPERIMENTAL 


As a carrier for the preparation of catalysts we used a standard aluminum silicate cracking catalyst of 
composition 10.5% Al,O3, 89.15% SiO, 0.20. Na,O, and 0.15% Fe,Ox; it had a bulk density of 0.59 g/cc, a pH 
of 5.43, and a specific surface of 263 sq.m/g. Iron impurity was removed from the aluminum silicate by boil- 
ing it in a water bath with dilute (1 : 2) hydrochloric acid. After being washed and then roasted at 500°, the 
carrier had a specific surface of 260 sq.m/g; its pH was 5.6, and its bulk density was 0.59 g/cc. 


Carriers varying in specific surface were prepared by treatment of the original aluminum silicate with 
hydrogen at high temperatures for 12 hr. The properties of the resulting carriers are given in Table 1. 


The specific surfaces of the carriers were determined by the dynamic method [6] by the measurement of 
the adsorption of benzene vapor at 20°, 
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TABLE 1 All the catalysts were prepared by impregnating the 


; carriers with a solution of H,PtCl. The resulting catalysts 
Poapertios of Aluminum Siticates Prepaeed by were dried at 110° for five hours and then reduced with 
ee Tere electrolytic hydrogen at 330° for ten hours. Each catalyst 
Temp. of Bulk pH of Specific had a platinum content of 1%. Specific-surface determina - 
hydrogen density | aqueous | surface tions on the catalysts showed that the catalysts differed very 
treatment \(s/ cc) extract |(sq.m/g) little from the original aluminum silicate preparations in 


specific surface. 


poe 0,59 5,60 260 The nonane used was prepared by the hydrogenation 
860 0.65 5,62 170 y yerog 


900 1,00 6,20 80 of nonyl alcohol in presence of WS, [7] in an autoclave at 
990 1,08 6,60 30 350° under a pressure of hydrogen. From the catalyzate, by 
fractionation through a column of 35-plate efficiency, we 
isolated nonane with the following properties; b.p. 149- 
150.4° (745 mm); n*°D 1.4058; d?°, 0.7178; aniline point 74.8; found MR 43.76; calculated MR 43.87. For this 
hydrocarbon the literature [8] gives: b.p. 150.77° (760 mm); n®°D 1.4054; d?°, 0.7176; aniline point 74.9. 


The apparatus used was described in our previous communication [1]. The experiments were carried out 
at 360°, 400°, and 440° under a hydrogen pressure of 20 atm with a space velocity of feed of nonane of 1-1.1 hr-?; 


the hydrocarbon : hydrogen ratio was 1: 5. In each experiment we took 70-150 g of nonane. A fresh portion of 
catalyst was used in each experiment. 


At the end of an experiment the catalyzate was debutanized to remove hydrocarbons up to Cy, which were 
collected in a gas holder and then analyzed in a chromathermograph. After debutanization,fractions boiling up 
to 40° (isopentane and pentane) were distilled from the catalyzate. Aromatic hydrocarbons were separated by 
chromatographic adsorption on silica gel. The residual naphthene-paraffin part and the aromatic part were each 
fractionated through a column of 50-plate efficiency into narrow fractions, which were characterized by their 
physical constants and investigated by determination of their infrared spectra. 


The experimental results are presented in Table 2 and in Figs. 1 and 5. Table 2 shows that the transforma- 
tion products of nonane can be regarded as the products of three parallel reactions; isomerization, aromatization, 
and hydrocracking. Apart from these reactions, cyclization occurred to a very small extent. The yield of 
naphthenes was 1-2% on the original hydrocarbon. At 400° aromatization occurred only to a very small extent 
over all four catalysts (the yields were 2.5-5.5%), and only at 440° did it begin to play an important part. Raman- 
spectrum analysis of the mixtures of aromatic hydrocarbons showed that they included toluene, xylenes, 1, 2, 4- 
trimethylbenzene, and mesitylene and that the last two of these formed the greater part of the mixture. A special 


TABLE 2 


Relation of Yields of Catalyzates, Conversions, and Transformation Products of Nonane to 
the Specific Surfaces of the Catalysts and to the Temperatures of the Experiments * 


Temperature of expt. (°C) | 360 | 400 | 440 

Specific surface (sq.m/g) |170 | 80 | 30 |170 |80 |30 | 80 |30 
Yield of catalyzate 93,0 | 93,5 | 93,5 | 93,7 | 82,4) 88,0/91,0/90,0) 91,0] 85,0 
Conversion 81,4 | 74,5 | 67,0 | 37,2 | 100 | 1/1000) 87,2 
Yield of isomeric Cy ¥ 

paraffins 32,2 | 35,3 | 29,0 | 16,6 | 19,7) 23,2134,3]28,0) 12,6] 31,2 
Unchanged nonane 48,6 | 25,7 | 33,0 | 62,8 0,0) 2,6]/18,2/43,9} 0,0) 12,8 
Yield of aromatic 

hydrocarbons 0,9 | 0,7 |traces|traces| 5,6) 3,4] 2,7| 2,4) 12,8] 10,9 
Yield of — of 

40-128° 14,0 8,7 1 40,5 6,5 | 10,9) 15,4]12,5) 6,3] 12,8) 8,6 
Hydrocarbons boiling up to 

40° 41,5 | 10 6,2 7,6 | 30,3) 19,5/46,1) 9,7] 30,0) 19,8 
Cs hydrocarbons 16,5 14,0 14,5 | 2,8] 30,9] 32,8]16,1] 7,9} 26,4] 10,9 
Yield of hydrocracking | 

products 42,0 | 32,8 | 33,2 | 14,41 | 72,1) 67,4/44,7/23,9) 69,4] 39,3 


*The yields of all hydrocarbons are calculated as percentage on original nonane. 


= 
: 
4 . 7 
fs 
4 
2 
= 
sll 
= 
4 ~ 
s 
ih 
2 
x 
“4 
| 
3 
ii 
‘ 
= 
4: 
845 : 
: 


90 
80 
70 
60 


50 


40 


JO 
Fig. 1. Relation of conversion of Fig. 2. Relation of conversion of 
nonane to temperature; 1) Catalyst 4, nonane to specific surface of catalyst: 
specific surface 30 sq.m/g; 2) catalyst 3, 1) 400°; 2) 360°. 
specific surface 80 sq.m/g. 
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experiment with the original aluminum silicate showed that 
at 400° the conversion was 16% and the reaction products 
consisted mainly of isomeric Cy paraffins. Figures 1 and 2 
and Table 2 show that the conversion of the original hydro- 
carbon increases both with rise in temperature and with 
increase in the specific surface of the catalyst. However, 
increase in the conversion with rise in temperature proceeds 
differently with different catalysts. Thus, with the catalyst 
of specific surface 30 sqm/g (see Fig. 1) the conversion rises 
more steeply with rise in temperature than it does with 
Catalyst 3, which has a specific surface of 80 sq.m/g. An 
examination of the curves in Fig. 2 shows that with increase 
in specific surface there is an increase in the conversion of 


rd 70 the original hydrocarbon, but at low specific surface this 


sali lation i ked tt t higt ifi f. Th 
Fig. 3. Yield of paraffins up to Cy as relation is more marked than at high specific ey ace. us, 
. as we pass from Catalyst 4 to Catalyst 3 at 360° (a 2.5-fold 
function of specific surface of catalyst: ; ‘wa 
1) 360°; 2) 400° increase in specific surface), the conversion increases by 30%. 
; ; On the other hand, as we pass from Catalyst 3 to Catalyst 2 


with specific surface of 170 sq.m/g (again a more than two- 
fold increase in specific surface), the conversion increases by only 7.5% 


Figure 3 presents the relation of the yields of hydrocarbons containing up to nine carbon atoms to the specific 
surfaces of the catalysts for two different temperatures. As will be seen from Fig. 3, Catalyst 1, which has the 
greatest specific surface, has the highest hydrocracking power. Already at 360° this catalyst cracks the original 
hydrocarbon to the extent of 42%, whereas at the same temperature Catalyst 4 brings about hydrocracking only 
to the extent of 16.9%. The other two catalysts (2 and 3), which differ in specific surface by a factor of more 
than two, cause the hydrocracking of nonane to the same extent. From the same Fig. 3 it can be seen that increase 
in temperature results in increased hydrocracking of nonane over all four catalysts. The total yields of hydrocarbons 
of compositions ranging up to Cy over Catalysts 1, 2, 3, and 4 were 72.1, 67.5, 44.7, and 23.9%, respectively. 
Hence, at 400° Catalyst 4 brings about the least hydrocracking of the original hydrocarbon. Reduction of the 
specific surface of the catalyst by a factor of greater than eight leads to a threefold reduction in its hydrocracking 


properties. This general law, i.e., reduction in hydrocracking activity with reduction in specific surface, holds 
for all four of the catalysts investigated. 


Table 2 gives also the yield of isomeric Cy hydrocarbons. The curves of Figs. 4 and 5 were based on these 
data. Fig. 4 presents the relation of the yield of isomeric Cy hydrocarbons to the temperature of the experiment 
for Catalysts 3 and 4. The curve for Catalyst 3 in Fig. 4 has a clearly defined maximum. This is to be explained 
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specific surface 30 sq. m/g; 2) surface of the catalyst: 1) 360°; 
specific surface 80 sq. m/g. 2) 400°, 


by the fact that, with rise in temperature above 400°, cracking predominates over isomerization over this catalyst. 
Figure 4 shows also that over Catalyst 4 there is regular rise in the yield of isomers with rise in temperature. Hence, 
Catalyst 4, over which hydrocracking occurs to the least extent (see Table 2), is the most suitable from the point 
of view of isomerization. In isomerizing properties, at 440° this catalyst approximates to Catalyst 3 at 400°, but 
at 440° the extent of hydrocracking over Catalyst 4 is only about one-half of that over Catalyst 3; at this tem- 
perature the yields of aromatic hydrocarbons are about the same over both catalysts. 


The maximum on the curve for Catalyst 4 in Fig. 4 is probably displaced to higher temperatures. It is 
natural to suppose that further increase in temperature will lead to increased hydrocracking of the original hydro- 
carbon and to increase in the yield of aromatic hydrocarbons. 


Figure 5, which presents the relation of the yield of isomeric Cy hydrocarbons to the specific surface of the 
catalyst, shows that at 360° with increase in the specific surface of the catalyst the yield of isomers increases only 
for specific surfaces ranging from 30 to 170 sq. m/g. Change in specific surface from 170 to 260 sq. m/g not 
only does not lead to increase in the yield of isomeric hydrocarbons, but even brings about some reduction in the 
yield. Rise in temperature to 400° leads to an increase in the yield of isomeric Cy hydrocarbons only for Catalysts 3 
and 4, i.e., for an increase in specific surface from 30 to 80 sq. m/g. For further increase in specific surface 
from 170 to 260 sq.m/g there is a reduction in the yield of Cy isomers. This is to be explained by the fact that 
with rise in the temperature of the experiment and in the specific surface there is a rapid increase in the hydro- 
cracking action of the catalyst (see also curves in Fig. 4). 


Raman-spectrum analysis of individual fractions in the boiling range of the isomeric Cg hydrocarbons 
showed that they consisted mainly of mono- and di-substituted alkanes. In the individual fractions the following 
hydrocarbons were found: 2-methyloctane, 3-methyloctane, 2,4-dimethylheptane, and 2,5-dimethylheptane. 
The gaseous products and the hydrocarbons boiling up to 40° consisted of propane, isobutane, butane, isopentane, 
and pentane. Hexane and cyclohexane were found in the fraction boiling in the range 67-81°, The remaining 
hydrocarbons were not investigated more closely. 


SUMMARY 


1. An investigation was made of the catalytic properties of a series of platinum-aluminum silicate catalysts 
containing 1% of platinum in the transformations of nonane at 360°, 400°, and 440° under a hydrogen pressure of 
20 atm in a flow system as a function of the specific surfaces of the catalysts. 


2. Under the given conditions the nonane underwent various complex transformations, and the character 
and extent of these transformations were to a considerable extent determined by the temperature of the experi - 
ment and the specific surface of the catalyst. 


3. Reduction in the specific surface of the catalyst led to reduction in hydrocracking power. This made 
it possible to carry out the transformations of nonane at higher temperatures, which favored higher yields of 
isomeric Cy paraffins, Also, rise in temperature favored increased yield of aromatic hydrocarbons. 


4. Withacatalyst of specific surface 30 sq . m/g at 440°, 31% of isomeric Cg paraffins and more than 10% 
of aromatic hydrocarbons could be obtained. 


%, 
£0 ~ 
* 
/ 
“ 20 
a 
q 
é 
beads 


LITERATURE CITED 


Kh. M. Minachev, N. I. Shuikin, L, M, Feofanova, and Yu. P. Egorov, Izvest. Akad. Nauk SSSR, Otdel. 
Khim. Nauk 1218 (1957).* 

V. A. Dzis'ko, A. A. Vishnevskaya, and V. S. Chesalova, Zhur, Fiz. Khim. 24, 1416 (1950). 

G. K. Boreskov, V. A. Dzis'ko, M. S. Borisova, and V. N. Krasnopol’skaya, Zhur. Fiz. Khim. 26, 492 (1952). 
D. R. Dobychin and T. F, Tselinskaya, Doklady Akad. Nauk SSSR 109, 2, 351 (1956).* pr 

E. B. Maxted, K. L. Moon, and E, Overgage, Discussions Faraday Soc. No. 8, 1939 (1952), 

A. M. Rubinshtein and V. V. Afanas'ev, Izvest. Akad. Nauk SSSR, Otdel. Khim. Nauk 1294 (1956).* 

S. Landa and J, Mostecky, Collection Czechoslov. Chem. Commun. 2, 20 (1955). 

R, D. Obolentsev, Physical Constants of Hydrocarbons of Liquid Fuels ; and Oils [in Russian] (Gostoptekhizdat, 
Moscow, 1953) p. 26. 


* Original Russian pagination. See C. B, translation. 


1. = 
4 
— 
3. 
4. 
bs 
6. 
Ve 
8. 
4 
ox 
q 
Fy 
Py 
ae 
848 
* 


CATALYTIC HYDROCONDENSATION OF CARBON MONOXIDE 
WITH OLEFINS 


COMMUNICATION 28. ACTIVITY OF A COBALT -CLAY CATALYST 
IN THE HYDROCONDENSA TION OF CARBON MONOXIDE WITH ETHYLENE 
AND THE HYDROPOLYMERIZATION OF THE LATTER UNDER THE ACTION 
OCF CARBON MONOXIDE 


action of carbon monoxide. From this it could be supposed that cobalt catalysts not containing thoria or other 
promotors and deposited on ordinary (furnace) clay may also be active in this reaction. In the present investiga - 
tion we studied the activities of such catalysts. 


The apparatus, the composition of the original gas, and the experimental procedure remained the same 
as in previous work [2]. The experiments were carried out in a flow system at 190° and atmospheric pressure. 


EX PERIMENTAL 


Cobalt-clay catalysts. All the catalysts contained 5 g of cobalt and, with the exception of Catalyst 11, 
were prepared in the usual way by precipitation with potassium carbonate from cobalt nitrate solution in presence 
of carrier. The catalysts were reduced in a stream of hydrogen at 450° for 5 hr. 


Catalysts 1, 2, and 3: Co: clay (1: 2). The carrier for these catalysts was a common Moscow -region clay 
(Fili) referred to here as "Sort A? Before use the clay was heated at 450° for four hours in a stream of air and 
then ground to a fine powder. Catalyst 4 differed from the previous catalysts only in that, after being dried at 
150° for 12 hr, it was treated in the cold with concentrated nitric acid for 12 hr and then freed from ferric and 
nitrate ions. The clay was not subjected to heating at 450° in a stream of air. Catalysts 5 and 6; Co: clay 
(1: 1). The carrier for these catalysts was a common Moscow -region clay referred to here as "Sort B.” This 
clay was heated in a stream of air at 450° for five hours. Catalyst 7; Co-clay (1 : 2); this did not differ from 
Catalyst 5 except in the relative amounts of the components. Catalyst 8; Co : clay (1 : 3); this was prepared 
on the same carrier as Catalyst 7. Catalyst 9: Co: clay (1 : 4); differed from the preceding catalyst only in 
proportions. Catalyst 10: Co : clay (1 : 2); the same as Catalyst 7 except that, after being heated in a stream 
of air at 450°, the clay was treated with hydrochloric acid for 12 hr and washed free from chloride ions. 
Catalyst 11: Co: clay (1 : 3); clay of Sort B was impregnated with cobalt formate solution, and after evapora - 
tion of the solution the residue was heated in a stream of hydrogen for five hours at 240°, Catalyst 12: Co: clay 
(1 : 2); the carrier was a china clay of porcelain grade which had been heated at 450° in a stream of air. 


Ya. T. Eidus, N. I. Ershov, K. V. Puzitskii, and I. V. Guseva me 
N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR ee 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, a 
pp. 913-919, May, 1960 ; 
Original article submitted September 9, 1958 ot 
In previous work [1] it was shown that a catalyst of cobalt on Muslyumov clay (1 : 2) is extremely active ae 
in the hydrocondensation of carbon monoxide with ethylene and the hydropolymerization of the latter under the 3 
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The experimental results obtained in work with the above-described catalysts are given in Table 1. 


It will be seen from Table 1 that Catalyst 1 was extremely active: the average yield of catalyzate was 
603 ml/cu.m, or 59 ml/ liter - hr. Similar yields were obtained with Catalyst 2, which indicates good reproduci - 
bility of results. The somewhat higher yield of hydrocarbons, including gas oil, over this catalyst in unit time, 
as compared with the yield over Catalyst 1, is to be explained by the higher space velocity. Catalyst 3, like all 
the remaining catalysts in this investigation, was tested over a long period with overnight interruptions. Over a 
working period of 101 hr without a single regeneration the average yield of hydrocarbons was 543 ml/cu.m, or 
50 ml/ liter - hr, with a yield of gas oil of 261 ml/cu.m. The results obtained with Catalyst 4 show that treat- 
ment of the clay with nitric acid has no advantage over heating at 450°. Catalysts 5 and 6 were tested at rela - 
tively high space velocities (165-200 hr~'), The average yields of hydrocarbons were 60-90 ml/ liter - hr. Com- 
parison of the work of catalysts 7, 8, and 9 with that of Catalysts 1 and 2 shows that a ratio of 1 : 2 is optimum 
for a Co-clay catalyst. It will be seen from the results obtained with Catalyst 10 that a supplementary treatment 
of the clay with hydrochloric acid in addition to heating at 450° in a stream of air somewhat lowers the 
quality of the clay as a carrier. The impregnation Catalyst 11 was of low activity. On the other hand, Catalyst 12, 
which was prepared from china clay, was extremely active; the average yield of hydrocarbons was 631 ml/cu.m, 
or 62 ml/ liter - hr, with a yield of gas oil of 273 ml/cu.m. However, comparison of the results obtained with 
this catalyst and with Catalyst 2 shows that a catalyst carried on common furnace clay is not less, but even more 
active. 


Hence, cobalt-common clay (1 : 2) is an extremely active hydropolymerization and hydrocondensation 
catalyst. Ten-hour experiments were carried out over Catalyst 3 with the object of drawing up the material 
balance between starting and end products. We now give the results of two of such experiments (A and B), 


Expt. A. In the original gas (C,H4—H,) the ratio of ethylene to hydrogen was 1.1; 1. The duration of the 
experiment was 11 hr. The space velocity of gas was 107 hr~*. The volume of original gas was 30 liters. The 
chemical composition of the original gas was 46.2% of CyHy, 1.4% of Op, 4.7% of CO, 42.4% of Hy, and 5.3% of Np». 
The gas contraction was 66.7%. The composition of the final gas was 4.0% of C,Hy, 1.2% of O2, 5.8% of CO, 

14.7% of Hy, 54.3% of Cy Hen + 2, and 19.0% of Ng. We obtained 3.1 ml of heavy oil,3.6 ml of light oil, and 11 ml 
of gas oil (in liquid state). Fractionation of the gas oil through a Podbielniak column and analysis of the fractions 
obtained gave 0.026 liter of C,H, 1.445 liters of C,H, 0.178 liter of C3Hg, 0.632 liter of CgHg, 0.238 liter of 
C4Hjo, and 0,844 liter of CgHg. Debutanization of a mixture of the heavy and light oils gave a further 0.070 liter 
of C4Hyo and 0,180 liter of CgHg. Hence, ethylene reacted to the extent of 86.4%, and carbon monoxide to the 
extent of 59.2%, The ethylene that reacted was distributed as follows; 51.2% formed ethane and partly methane; 
4.7% formed propene; 1.3% formed propane, 42.8% formed dimer and liquid products (19.9% was dimerized with 
formation of butene and butane in the ratio of 3.3 : 1, and 22.9% formed liquid condensate). 


Expt. B. In the original gas the ethylene : hydrogen ratio was 1.8; 1. The experiment lasted ten hours. 
The space velocity was 140 hr~', The volume of original gas was 32 liters. The original gas contained 57.5% of 
CyHy, 1.4% of O2, 3.0% of CO, 32% of Hy, and 5.8% of Ng. The contraction was 69%. The composition of the 
final gas, determined with the aid of fractionation in a Podbielniak apparatus and analysis of the fractions and 
residue, was 6.5% of CO, 13.5% of CHy, 14.1% of Hp, 2.2% of CgHy, 47.9% of CzHg, 0.7% of 2.6% of 
0.9% of Op, and 11.6% of N,. We obtained 3.5 ml of heavy oil, 4.5 ml of light oil, and 12.3 ml of gas oil (in 
liquid state), Fractionation of the gas oil in a Podbielniak apparatus and analysis of the fractions gave 0.03 liter 
of C,H, 1.58 liters of C,Hg, 0.2 liter of C3Hg, 0.7 liter of CzHg, 0.26 liter of CgHyo, and 0.93 liter of C4Hg. 
Debutanization of a mixture of the heavy and light oils gave a further 0,083 liter of CgHjp and 0.221 liter of C4Hg. 


It will be seen from these data that ethylene reacted to the extent of 99%, hydrogen to the extent of 83.3%, 
and carbon monoxide to the extent of 43% The ethylene that reacted was distributed as follows: 31.0% formed 
ethane, 3.8% formed methane, 2.34, formed propane, and 7.8% formed propene. Dimerization and the formation 


of liquid products accounted for 55%. (16.3% formed butene and butane in the ratio of 3.5; 1, and 38.7% formed 
liquid condensate). 


It follows from Expts. A and B that with increase in the C,H, : H, ratio in the original gas the yield of 
ethane and methane falls (from 51.2% at C,H : H, = 1.1 : 1 to 34.8% at CpHy : Hp =1.8 : 1. In experiments at 

an original ratio of C,Hy : H, = 2.8 : 1 the yield of ethane was 17.40; the total yield of hydrocarbons was 522 ml 
per cu.m, or 55.0 ml/ liter - hr, and the yield of gas oil was 210 ml/cu.m. 
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*Regenerated four times. 


* *Regenerated three times. 


Effect of certain additions on the activity of a Co-com- 
mon clay (1 : 2) catalyst. From data given above it will be 


seen that unpromoted cobalt deposited on common furnace clay 
in the ratio of 1 : 2 is an extremely active catalyst for the hydro- 
condensation of earbon monoxide with ethylene and the hydro- 
polymerization of the latter under the action of small amounts 
of carbon monoxide. It was of interest to investigate the effect 
of various additives on the activity of this catalyst. With this 
object we prepared fifteen Co-clay (1 : 2) catalysts containing 
various additives and tested them in the reactions indicated 
(Table 2). They were usually prepared by coprecipitation with 
potassium carbonate from a solution containing cobalt nitrate 
and the nitrate of the other metals, and the proportions of 

Co: additive : clay were 1; 0.05; 2. The precipitation was 
carried out in presence of clay (Sort B), The following catalysts 
were prepared somewhat differently. 


Catalyst 19: Co—A1,0,~—clay (1: 0.5 : 2). This was pre- 
pared by precipitation from cobalt nitrate solution with potassium 


carbonate in presence of a mixture of clay and alumina. The 
clay was first treated with concentrated hydrochloric acid and 
washed free from chloride ions. Catalyst 20; Co—Al,03—clay 


(1:1: 1). This was prepared by the same method, but the clay 


was not treated with hydrochloric acid. Catalyst 21 and Cata- 
lyst 22: Co-activated charcoal-clay (1: 0.2: 2and1:1: 2, 
respectively). These were prepared similarly to Catalyst 20. 


Catalyst 23; Co-silica gel-clay (1; 0.2: 1.8). This was prepared 


by precipitation in presence of a mixture of clay and silica gel. 
Catalyst 24; Co—V,0;—clay. This was prepared, as usual, by 
precipitation from cobalt nitrate solution with potassium carbonate 
in presence of clay. After being washed free from nitrate ions, 
the precipitate was boiled for 20 min in a solution of 5 g of am- 
monium vanadate in 200 ml of water and then reduced. All the 
catalysts were reduced with hydrogen at 450° for five hours. 


Table 2 gives the results of experiments with these catalysts 
and, for comparison, with unpromoted Co-clay (1 ; 2) (Catalyst 28). 
It will be seen that the additives tried can be divided into three 
groups: a) additives which lower the activity of Co-clay (1 : 2); 
b) additives which scarcely affect the activity; and c) additives 
which have a promoting effect on this catalyst. The deactivating 
additives include copper and nickel and the oxides of manganese, 
barium, and vanadium. The addition of manganese oxide to the 
catalyst greatly reduces the yield of gas oil. The inert additives 
include silica gel, chromic oxide, and activated charcoal. Of the 
promoting additives we may distinguish a) those which are feebly 
promoting, e.g., zinc, calcium, and magnesium oxides, and b) 
those which have appreciable promoting action. Only alumina 
is in the second group. Table 2 shows that the introduction of 
alumina by coprecipitation from cobalt and aluminum nitrates 
gives an extremely active catalyst, which is characterized by 
a high yield of gas oil. Introduction of the alumina in conjunc - 
tion with the carrier (in ratio 0.5 : 1,5) gives a still more active 
catalyst distinguished by greater condensing power, which is 
reflected in a reduction in the yield of gas oil. The catalyst 
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Co-A1,0,—clay (1 : 1: 1) differs little from the unpromoted catalyst. Hence, the differing effects of additives 
are manifested in the yields of condensate and gas oil. 


Prolonged trial on a Co-clay (1 : 2) catalyst in a metal reaction tube. A prolonged trial was carried out 
on a Co-clay (1 : 2) catalyst, which is very simple in composition but of very high activity, in a stainless steel 
tube, 10 mm in internal diameter. The original gas contained 4-5.5% of CO and had a C,H, : H, ratio of 2.5-3.3. 
Table 3 presents the results of the experiments in the metal tube with Catalysts 29, 30, and 31, each having a 
Co ; clay ratio of 1: 2, containing 5 g of Co, and forming a layer 40 cm in length. For comparison the results 
are given of analogous experiments in a glass tube, 10 mm in diameter and containing a similar catalyst 
(Catalyst 32). Table 3 shows that a Co-clay (1 : 2) catalyst has the same activity both in the glass and in the 
steel tubes. Reduction in the hydrogen content of the original gas results in reduction of the yields of ethane 
and gas oil (Tables 1 and 3). 


The results show that a precipitated Co-clay (1 : 2) catalyst is extremely active and highly stable and 
regenerable in the hydrocondensation of carbon monoxide with ethylene and the hydropolymerization of the 
latter under the action of carbon monoxide. An analogous impregnation catalyst was of low activity. An attempt 
to bring about a further increase in the activity of the precipitated catalyst by the addition of promotors led to the 
discovery of the effectiveness of an addition of alumina. The reaction goes equally readily in glass and in steel 
tubes. The side reaction of the hydrogenation of ethylene is partly suppressed by increase in the C,H, : H, ratio 
in the original mixture to 2.5-3.0. It should be noted that the highest activity and mechanical strength are found 
in precipitated cobalt catalysts based on clay originating from the deepest deposits. Almost all investigations on 
the hydrocondensation of carbon monoxide with olefins and the hydropolymerization of the latter under the action 
of small amounts of carbon monoxide have been carried out with a precipitated Co-clay (1 : 2) catalyst [3]. 


SUMMARY 


1. Cobalt precipitated on common furnace clay at a ratio of 1 ; 2 and given a preliminary heating at 
450° in a stream of air is an extremely active catalyst in the hydrocondensation of carbon monoxide with ethylene 
and the hydropolymerization of the latter under the action of carbon monoxide. 


2. The oxides of zinc, calcium, and magnesium, and particularly of aluminum, have a promoting effect 


on this catalyst. 


3. The side reaction of the hydrogenation of ethylene can be suppressed to a considerable extent by lower- 
ing the hydrogen content of the original gas mixture. 
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CATALYTIC POLYMERIZATION OF OLEFINS 


COMMUNICATION 8. POLYMERIZATION OF ETHYLENE 
OVER A NICKELOUS OXIDE-ALUMINUM SILICATE CA TALYST 


Fidus, K. V. Puzitskii, N. I. Ershov, and B. A. Kazanskii 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 920-925, May, 1960 

Original article submitted September 9, 1958 


It was previously shown [1] that some specimens of synthetic aluminum silicate used in tablet form as a 
cracking catalyst are not in themselves catalysts for the polymerization of ethylene, but can serve as effective 
carriers for a nickel catalyst for the polymerization of ethylene. It was of interest to determine the suitability 
in this respect of synthetic spherical-grain aluminum silicate cracking catalysts [2]. In the present paper we 
present the results of experiments on the polymerization of ethylene over nickelous oxide having such glasslike 
aluminum silicates as carrier. 


EX PERIMENTAL 


The physical and physicochemical properties of the spherical-grain aluminum silicates have been given 
previously [3]. We tested catalysts which had been precipitated on these carriers from nickel nitrate solutions 
with ammonia or had been impregnated with the formate or nitrate. The apparatus and experimental procedure 
were as before. Each experiment was carried out at atmospheric pressure for five hours. The following catalysts 
were used. 


Precipitated NiO-aluminum silicate (spherical) catalysts. Catalyst 236 had a spherical-gra'n aluminum 
silicate of grain diameter 3.5 mm as carrier. Catalyst 229 had a carrier of finely spherical aluminum silicate 
of grain diameter 0.2-0.3 mm, Catalyst 248 differed from the preceding catalyst only in that before use the 

aluminum silicate was treated with a hot 2% solution of Zn(NO 3), with subsequent washing to free from nitrate 
ions. 


The length of the catalyst layer was 6 cm in all cases. The results obtained with these catalysts at 300° 
are given in Table 1. This shows that Catalyst 236, which was precipitated with ammonia on spherical-grain 
aluminum silicate, had low stability, but considerable regenerability on treatment with a stream of air at 450°. 
Catalyst 229, which was precipitated with ammonia on finely-spherical aluminum silicate, was considerably 

more stable, which was indicated by the increase in the amount of ethylene converted and in the somewhat greater 
selectivity with respect to dimerization. Addition of zinc oxide (Catalyst 248) increased the regenerability and 
selectivity of this catalyst. Comparison of the results of Expts. 3 and 4, on the one hand, with those Expts. 1 and 
2, on the other, shows that decrease in the time of contact from 5.8 to 3.1 seconds leads to increase in the produc- 
tivity of the catalyst. 


Catalysts prepared from spherical-grain aluminum silicate by impregnation with nickel formate solution. 
Catalyst 103 had the same spherical-grain aluminum silicate as carrier as Catalyst 236. Impregnation was carried 
out with 1% nickel formate solution. Catalyst 90 differed from the previous catalyst only in that before use the 
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- Time of | Amt. of Yield of butene (%) Yield of higher hydro- 
contact jethylene 0) 

S | & | (see) that re- |onethylene |onethylene | onethylene | onethylene 
5 acted (%) | passed thatreacted| passed that reacted 
236 | 1--2 | 5,8 |36,5—11,5 | 19,2— 3,7 | 53,0—32,0 9,4—2,5 | 25,8—21,8 
236 | 3* 5,7 26 6 14,6 | 55,0 4,9 18,5 
229 | 33 ,6-—28,6 | 17,5—19,5 | 52,1—68,3 | 5,7—5,8 | 17,0—21,0 
229 3 6,7 15,0 10,5 70,0 2,0 17,0 
5,7 39,5 25,5 64,5 9,2 23,4 
248 | 2** 5,9 | 63,0 38,5 50,7 | 13,7 21,8 


42,3 


30,0 


*Before this experiment the catalyst was regenerated in a stream of air at 450° for five 
hours. 

* «Before this experiment the catalyst was regenerated in a stream of air at 450° for 
three hours. 


aluminum silicate was ground to a powder. Catalyst 91 was similar to Catalyst 90, but an addition of clay was 
made to the aluminum silicate powder (5 : 12 by volume of common clay previously roasted at 450° in a stream 
of air), Catalyst 105 was prepared like Catalyst 103, but the same spherical-grain aluminum silicate was first 
treated with 1% ammonium vanadate solution, after which it was heated at 450° in a stream of air for three 
hours. Catalyst 106 differed from Catalyst 103 in that the aluminum silicate was first treated for three hours 
with 100 ml of 5% chromium nitrate solution with subsequent washing free from nitrate ions and drying. Cata- 
lyst 108 differed from Catalyst 103 in that the aluminum silicate was first treated with 100 ml of 0.3% thorium 
nitrate solution with subsequent washing free from nitrate ions and drying. 


The length of the catalyst layer was 16-19 cm. The results of the experiments at 300° for a time of con- 
tact of 12-15 sec are given in Table 2, from which it can be seen that an impregnation nickel formate catalyst 
supported by coarsely spherical aluminum silicate gives a conversion of ethylene of 66.5%, which, however, 
rapidly falls to 20%. The yield of dimer is 23-13% on the ethylene passed and 35-64% on the ethylene that 
reacts. The use of the aluminum silicate in powder form raises the conversion of ethylene to almost 90%, but 
the yield of dimer remains about the same, though the yield of higher hydrocarbons increases. Dilution of the 
aluminum silicate with clay (Catalyst 91) lowers the total conversion of ethylene and raises the selectivity with 
respect to dimerization somewhat. Addition of oxides of vanadium, chromium, and thorium does not improve 
the properties of the catalyst. 


Catalysts prepared from spherical-grain aluminum silicate by impregnation with nickel nitrate solution. 
Catalyst 282 had spherical-grain aluminum silicate of grain diameter 3.0 mm as carrier. This was impregnated 


with an equal volume of 10% nickel nitrate solution. The length of layer was 7 cm. Before use the catalyst was 
activated in a stream of air at 450° for two hours. Catalysts 270 and 301 had finely spherical aluminum silicate 
of grain diameter 0.1 mm [4] as carrier; in other respects they did not differ from the preceding catalysts. The 
experiments were carried out at 275° with a time of contact of 2.4 seconds. 


The results, which are given in Table 3, show that impregnation nickel nitrate catalysts supported on 
spherfcal-grain aluminum silicate (Catalyst 282) are characterized by low conversion of ethylene and low yield 
of dimer on the ethylene passed, However, the regenerability of the catalyst is extremely good, and it has a 
stable selectivity. An impregnation nickel nitrate catalyst on finely spherical aluminum silicate was found to 
be considerably more active (Catalysts 270 and 301). After regeneration the activities and reproducibilities of 
the catalysts were not very much lower than they were originally. 


From a comparison of the data given in Table 3 on the work of catalysts varying in grain size we may 
conclude that grain size has a great effect on activity, selectivity, and productivity, and that small grain size 
is preferable to large. This was confirmed with impregnation nitrate catalysts on aluminum silicate grains of 


definite size, for which purpose we sorted grains from previously ground coarsely spherical aluminum silicates 
A and B. 
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From the results given in Table 4 it is seen that for aluminum silicate A the grain size 1.25-1.5 mm is 
better than 1.5-2.0 mm, whereas for aluminum silicate B both sizes give the same result. In Table 5 the results 
are given of prolonged experiments carried out under the same conditions with impregnation nickel nitrate cata - 
lysts (282', 282?) supported on the ground aluminum silicate used for the preparation of Catalyst 282 (grain size 
1.25-1.50 mm). The regeneration of the catalysts was carried out every six hours. As will be seen from Table 5, 
these catalysts were distinguished by high selectivity toward dimerization. The yield of butene on the ethylene 
that reacted was about 80%, and the yield of all hydrocarbons on the ethylene passed was 30-35%, 


The effect of the concentration of the nickel salt solution in the preparation of a formate-impregnation 
NiO-aluminum silicate catalyst in tablet form on the properties of the latter was shown previously [1]. It was 
established that in the concentration range 0.01-1.0% the activity and productivity of the catalyst increase with 
increase in this concentration. An analogous investigation was carried out for an impregnation nitrate catalyst 
on a finely spherical aluminum silicate catalyst. We used 0.5%, 1.5%, and 10% solutions of nickel nitrate. The 
volume ratios of carrier and solution were 1: 1, 1:2, and 1:3. The reaction tube was charged with 5 ml of 
catalyst in a layer 6 cm long. The catalysts were first activated in a stream of air at 450° for two hours. The 
experiments were carried out at 275° with a time of contact of 2.3 seconds. With every sample of catalyst two 


experiments were carried out: one before regeneration and the second after regeneration of the catalyst in a 
stream of air at 450° for one hour. 


From Table 5* it will be seen that for nickel nitrate concentrations ranging from 1% to 10% the yield 
of butene (% on ethylene passed) rises, but the yield of butene on the amount of ethylene that reacts scarcely 
changes. Catalysts prepared from a 0.5% nitrate solution are of unstable activity, and very inconsistent results 
were obtained on activity and stability, which was not observed when higher concentrations of nitrate were used. 
The most active and stable catalysts were those prepared from equal volumes of nitrate solution and carrier (1; 1). 


SUMMARY 


1. Precipitated and impregnation catalysts consisting of nickelous oxide on spherical-form synthetic 


aluminum silicate as carrier are active in the polymerization of ethylene at 275-300° and atmospheric pressure; 
they can be satisfactorily regenerated. ° 

2. Over these catalysts the conversion of ethylene into higher hydrocarbons proceeds up to an extent of a 
20-25%, and the yield of butene attains about 80% on the ethylene that reacts. i 

3. Fine-grain catalysts are preferable to coarse-grain. 

4. For nickelous oxide-aluminum silicate (finely spherical) catalyts prepared by impregnation with nickel a 
nitrate solution, the general activity of the catalyst rises with rise in the concentration of nickel nitrate over eS: 
the range 1-10%, <a 
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CATALYTIC POLYMERIZATION OF OLEFINS 
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Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 926-930, May, 1960 
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In the polymerization of ethylene we have previously used catalysts prepared by precipitation or impregna- 
tion methods: precipitation was carried out by the action of ammonia on nickel nitrate solution in presence of 
the carrier, or the latter was impregnated with nickel nitrate or nickel formate solution [1]. Since in the discus- 
sion of the question of the active principle of the polymerizing catalyst the view had been advanced [2] that it 
is nickel silicate on silicagel. It was of interest to investigate the behavior of nickel silicate alone and the 
nickel silicate on a carrier of silica gel, silica gel with an addition of alumina, or aluminum silicate in the 
polymerization of ethylene. Such an investigation is the subject of the present paper. 


EXPERIMENTAL 


The apparatus and experimental procedure remained the same as in the previous work [3]. The experi - 
ments were each carried out at atmospheric pressure at 300° for five hours. The nickel metasilicate NiSiO,* H,O 
was prepared by mixing a solution of 100 g of Ni(NOg), * 6H,O in 50 ml of water with a solution of 100 g of 
Na,SiO, * 9H,O in 130 ml of water. The precipitate was washed free from nitrate ions. The yield of nickel 
silicate was 47 g (87%) [4]. 


The behavior of nickel silicate toward the polymerization of ethylene can be seen from Table 1 (Cata- 
lyst 10). Before use the catalyst was heated in a stream of air at 300°, It follows from the results cited that in 
presence of nickel silicate under the given conditions and with regeneration of the catalyst after ten hours, the 
conversion of ethylene was 13-18% The yield of butene was 10-2% on the ethylene passed and 75-22% on the 
ethylene that reacted. Hence, the catalyst had low activity and high initial selectivity, which, however, fell in 
the course of time. The activity was restored to some extent on treatment of the catalyst with air at 300°, but 
the selectivity of the catalyst was not regained. 


The nickel silicate obtained was used for the preparation of catalysts on carriers; it was applied in two 
ways; 1) It was ground in a mortar with the carrier, which was first ground to a powder and passed through a 
sieve (100 mesh/inch), to give a powder, which was mixed to a dough with water, molded into cylinders, 3 mm 
in diameter, and dried at 120°, 2) It was applied from aqueous suspension (1 g of nickel silicate to 100 ml of 
water) to 10 ml of carrier. The suspension was heated to boiling with the carrier, and evaporated to dryness; 
the catalyst was dried at 120°, The length of catalyst in the reaction tube was 6.5-7 cm, and the time of con- 
tact was six seconds. Table 2 gives the results on nickel silicate-silica gel catalysts prepared by grinding methods. 


For the preparation of Catalysts 245 and 242 coarsely porous coarse -grain silica gel (KSK Sample 3) was 
used, and in the case of Catalysts 242 this was impregnated with a 0.4% aqueous solution of Al(NO,)3, then washed 
free from nitrate ions, and finally dried at 120°, Table 2 shows that nickel silicate supported on silica gel is quite 
inactive (Catalyst 245). 
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TABLE 1 


Amt. of the | Yield of butene (%) Yield of higher hydrocarbons (%) 


Expt. ethylene [on ethylene jonethylene | on ethylene ~ Yon ethylene 
ee passed that reacted passed | that reacted 
0, 


1 12,9 10,6 75,0 2,6 18,5 

2 — 3,9 _ 2,7 
3**—4 13,0—14,0 | 9,0—3,8 | 69,2—-43,9 4,0—2, 
o**—6 18,0— 8,0} 7,1—1,8 | 39,7—22,5 


1 31 ,0—24,0 
22,2—10,0 


‘Time of contact was 15 sec. 
* «Before the experiment the catalyst was regenerated in a stream of air at 300° for one hour. 


Amt. of | Yield of higher 


on ethylene} on pasted ethylene 


that | 
reacted ne passed that reacted 


2 Composition 
‘s of catalyst* * that reacted jon ethyl- 
passed 


245|Nickel silicate - 
silica gel (KSK) 1 0,0 0,0 0,0 0,0 0,0 
‘5'The same 0,0 0 0 
4 


silica get (KSK) + 
+ Al,O3 1—2 | 19,0—16,3 |12,3—11,5| 87,0—80, 
74 


0 7| 13,0—20,0 
same 3**_41 27,8— 8,1 |19,5— 6,8] 70,0-—74,0 4 


99 
2,2—20,6 


* High ratio of nickel silicate to carrier (1 : 1.5). 
* «Before the experiment the catalyst was treated in a stream of air at 450° for three hours. 


The very low activity of nickel silicate is raised appreciably by grinding it with silica gel containing 
alumina (Catalyst 242). In the first experiment and experiments carried out after regeneration the conversion 

of ethylene was 20-29% with a yield of butene of 12-19% on the ethylene passed and 65-87% on the ethylene 

that reacted. Tables 3 and 4 give the results on nickel silicate -aluminum silicate (fine spherical grains) prepared 
by the grinding method. 


Table 3 gives results obtained with catalysts differing in the ratio by weight of nickel silicate to aluminum 
silicate. The catalysts were not activated with air before the experiments, but ethylene was passed over them 
immediately. Table 4 gives results obtained with analogous catalysts which were first activated in a stream of 
air at 450° for one hour. Only Catalyst 237 was first activated at 300°, 


Catalyst 246 differed from the others in that it consisted of a mechanical mixture of nickel silicate, alumi- 
num silicate, and aluminum metal powder in the proportions 1 ; 3: 2. Aluminum was added with the object of 
increasing the thermal conductivity of the catalyst, which might be desirable because of the exothermic charac - 
ter of the polymerization reaction. 


Table 3 shows that in this series of unactivated catalysts containing different proportions of nickel silicate 
and aluminum silicate the most active was Catalyst 239 with a nickel silicate ; carrier ratio of 1: 4. This cata- 
lyst remained fairly active even after 30 hr in work. Neither did its selectivity change; the yield of dimer on 
the amount of ethylene that reacted was 64.0% after 30 hr in work, and when Catalyst 239 showed its initial 
activity its productivity was 240 g of dimer per liter of catalyst per hour. Dilution of nickel silicate with alu- 
minum silicate (Catalyst 241), and also too high a content of nickel silicate as in Catalyst 244 (3 : 1), led to 
lowering of the activity and to some extent also of the selectivity. 
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TABLE 3 


Wt, ratio 
Cata -! of nickel 
lyst silicate 

to carrier 


* 


2 
1 
2 


The same ng 


Expt. |that 


Amt, of 


Yield of butere (%) 
ethylene 


reacted(%) passed 


on ethylene | on ethylene 


that reacted 


Yield of higher 
hydrocarbons (%) 

on ethylene | on ethylene 
passed that reacted 


19,6 
25,3 
24,2 
13,4 
17,4 


Before this experiment the catalyst was regenerated in a stream of air at 450° for three hours. 


TABLE 4 


Wt. ratio 
of nickel 
silicate 


Cata- 


Amt. of the 
ethylene Yield of butene (%) 


Yield of higher 
hydrocarbons (%) 


lyst that reacted| on ethylene | on ethylene |on ethylene jon ethylene 


to carrier (%) passed that reacted passed that reacted 


58,3—55,2 
56.8 
2—6,4 | 66,9—57,0 
63,2 


67,5 


yA 


1:3(2Al)| 4 
Thesame 2 


29,0—12,1 
35,0 


27,9 


21,3 
22 ,5—11,6 
14,6 
22,3 


*In this experiment the time of contact was 3.5 sec. 


* «Before this experiment the catalyst was regenerated in a stream of air at 450° for three hours. 
* * «The activation of this catalyst was carried out with air at 300° for one hour. 


It will be seen from Table 4 that the relative amounts of the components do not have a great effect when 
the catalyst is first activated with air (Catalysts 237 and 243). Addition of aluminum metal does not affect the 
properties of the catalyst (Catalyst 246). From Tables 3 and 4 it follows that a mixture of nickel silicate and 
finely spherical aluminum silicate which had been finely ground mechanically was fairly active. The initial 
conversion was 40-50%, and the yield of dimer was 20-30% on the ethylene passed and 55-67% on the ethylene 
that reacted. The productivity of the catalysts reached 170-260 g of dimer per liter of catalyst per hour. When 
the time of contact was reduced to 3.5 sec, the yield of dimer was raised to 80% on the ethylene that reacted 
with lowering of the over-all conversion of the ethylene to 10-12% (Catalyst 252). 


Table 5 gives data on the work of catalysts prepared by the application of nickel silicate to the carrier 
from aqueous suspension. As carriers we used tablet-form and spherical-grain (diameter 3 mm) aluminum 
silicates, silica gel (KSK) which had been given a preliminary treatment with hot 0.4% Al(NOg), solution, and 
finally, finely spherical aluminum silicate. Catalyst 250 had the form of spherical grains, 3 mm in diameter; 
Catalyst 251 was in tablet form; Catalyst 253 was a powder; and Catalyst 247 consisted of spherical grains, 
0.2-0.3 mm in diameter. The catalysts were first activated in a stream of air at 300° for one hour. Table 5 
shows that the catalysts prepared from an aqueous suspension of nickel silicate behaved differently in the poly- 
merization reaction, depending on the nature of the carrier and particularly on the dimensions of the grains. 


The catalysts supported on spherical-grain and tablet-form aluminum silicates (Catalysts 250 and 251) 
were inactive. The catalyst supported on finely spherical aluminum silicate (Catalyst 247) had considerable 
activity. At 300° with a time of contact of six seconds the conversion of ethylene was 35-47%, and the yield 


| 

239 1:4 54,0 28,3 10,6 
239 | The same 52,0 33,0 13.3 
241 13,0 7,4 3,0 
244 21,0 10,7 2,8 
244 20,4 41,4 3,5 
4 
bs 
| 
ae 252* 1:4 | { 12,5 9,0 73,7 3,2 26,3 ee 
252 |Thesame| 2** 9,7 6,4 65,2 3,1 34,4 
237 1:4***| 1—2 | 36,2—10,8| 24 7,9—6,7 | 21,8—6,5 

237. +| Thesame| 3** 38,3 2 6,3 13,5 
243 50,2 2 10,7 
243 | Thesame 19 6,5—1,4 
bie 246 2 5,5 =. 

4 
Wes 
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TABLE 5 


Amt. of : Yield of higher 

the ethyl hydrocarbons (%) 
ene that |onethyl-jonethyl jon ethyl-jon ethyl- 


(%) passed |reacted passed reacted 


Cata-, Composition of carrier 
P Expt. 


250 | Aluminum silicate 
(spherical-grain) 1 0,0 0 
"0 | The same 2* 0 
1 | Aluminum silicate 
(tablet form) 1 
Silica gel (KSK) + 1 
Al,O 2 


tS 


2 

Aluminum silicate 
(finely spherical) 1 

The same 2 47,1 28 ,9 61 v0 


bo 
=~ 


* Before this experiment the catalyst was regenerated in a stream of air at 450° for three hours. 


of dimer was 23-29% on the ethylene passed and 60-66% on the ethylene that reacted. The catalyst supported 
on KSK silica gel containing alumina had lower activity, selectivity, and productivity, and it did not regenerate 
so well, 


The results of the present investigation show that a mixture of nickel silicate with aluminum silicate, or 
with silica gel to which an aluminum salt had been applied, is active in the polymerization of ethylene. The 
results confirm that a pure nickel silicate system cannot be an active catalyst and that to obtain such a catalyst 
alumina must be introduced into the system. It would appear that in the reaction itself or during the activation 
of the catalyst the preparation does not remain as a mechanical mixture, but the components react with forma- 
tion of a catalytically active phase. Since the aluminum silicate structure is associated with strongly acid prop- 
erties, it may be considered that in the process that we have studied we have one of the varieties of acid cata- 
lysis. 


SUMMARY 


1, In the polymerization of ethylene, nickel silicate has low activity and high initial selectivity, which, 
however, falls sharply as the reaction proceeds. A mixture of nickel silicate and silica gel (KSK) obtained by 
grinding the two components together in the dry state has no catalytic activity in the above reaction. 


2, A mixture of nickel silicate and silica gel (KSK) containing alumina prepared in a similar way has 
considerable activity, selectivity, and regenerability. A mixture of nickel silicate and aluminum silicate having 
fine spherical grains has high activity, but medium selectivity. 


3. Catalysts consisting of finely spherical aluminum silicate to which nickel silicate has been applied 
from aqueous suspension have approximately the same properties as a mixture prepared by grinding the two 
components together. Analogous catalysts with tablet-form or spherical-grain aluminum silicates as carriers 
are inactive for the polymerization of ethylene. 
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REACTION OF OLEFINS WITH DIAZOACETIC ESTER 
IN PRESENCE OF A COPPER SULFATE CATALYST 


A. P. Meshcheryakov and I. E. Dolgii 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 931-934, May, 1960 

Original article submitted August 22, 1958 


The reaction of diazo compounds with compounds containing an ethylenic bond leads to the formation of 
three-membered cycles. Until now most authors have given their attention mainly to the study of reactions 
between diazo compounds and compounds containing functional groups in addition to a double bond. 


In the present work we studied the reactivities of diazo compounds toward hydrocarbons of the ethylene 
series. We took 2,3-dimethyl-2-butene, 2,3-dimethyl-1-butene, and 1-hexene. An attempt to bring about 
reaction between these and diazomethane was unsuccessful despite lengthy contact (2-3 weeks) because the 
peculiar character of diazomethane (low -boiling gas kept in ethereal solution) enables one to carry out reaction 
only under relatively mild conditions at a temperature of from -1° to -2°. In the investigations of Buchner [1], 
Etel [2], and D'yakonov [3] it was shown that in presence of copper or copper sulfate diazoacetic ester reacts 
with benzene, cyclohexene, and butyl vinyl ether giving high yields of products. However, the reaction of diazo- 
acetic ester with simple olefins has received very little study. We carried out the reaction of diazoacetic ester 


with the above-mentioned hydrocarbons at their boiling points in presence of copper sulfate; it went in accord - 
ance with the scheme: 


+ CHCOOC;Hs -} Ne CO 
CHCOOC;Hs 
When we took equimolecular amounts of hydrocarbon and diazoacetic ester, the yield of cyclopropane - 
carboxylic ester was very low, except in the case of 2,3-dimethyl-2-butene. With an eightfold excess of the 
hydrocarbons there was a considerable increase in yield, but 2,2,3,3-tetramethylcyclopropanecarboxylic ester 
was obtained in the highest yield. We consider that the cause of this lies both in the considerable activation of 
the double bond in 2,3-dimethyl-2-butene and in its higher boiling point as compared with the boiling points 
of 1-hexene and 2,3-dimethyl-1-butene (the boiling point is also the reaction temperature). The effect of reac- 
tion temperature on the reaction of diazoacetic ester with an ethylenic bond is shown in the work of Muller and 


Roser [4], who showed that, for example, butadiene reacts with diazoacetic ester only when a temperature of 
100° is reached. 


For reactions of this type, three types of mechanism have been proposed in the literature [3, 5]. We con- 
sider that in our case the free-radical mechanism operates: under the action of heat and of the catalyst the 
diazoacetic ester molecule breaks down into a nitrogen molecule and a diradical, and there occurs also the ac- 
tivation of the double bond of the olefins, to which the diradical adds. Here it must be mentioned that copper 


sulfate is a more effective catalyst than copper; this is manifested in the reduction in the self -condensation of 
diazoacetic ester. 
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All the esters obtained were converted into the corresponding acids by hydrolysis with 20% aqueous -alco- 
holic KOH (Table 2); of these acids only 2, 2,3,3-tetramethylcyclopropanecarboxylic acid is a solid. The acids 
were characterized by determination of their neutralization equivalents. The Raman spectra of the alkylcyclo- 
propanecarboxylic esters were determined. * 


Raman spectra (cm-"); 
CHs CHs 


— 
CHCOOC;Hs 


363 (2 b); 494 (2); 660 (4); 776 (2); 807 (6); 832 (3); 847 (3 b); 854@ b); 888 (1 b); 943 (0); 968 (3 b)s 
1047 (3); 1102 (1); 1126 (3); 1172 (0); 1249 (0); 1290 (1)s 1395 (1 b); 1444 (4 b); 1461 (3 b); 1670 (0); 1730 (3); 
2875 (5); 2901 (2); 2932 (5); 2960 (6); 3000 (4); 3070 (3 b). 


HsC—C 


CHs 


—CHs 
CHCOOC;Hs 


149 (4); 173 (0); 210 (0); 276 (4 b); 366 (2); 390 (2); 421 (0); 448 (1); 513 (0); 568 (0); 606 (0 b); 653 (10); 
669 (10); 786 (0); 831 (0); 844 (7 b); 882 (10); 911 (0); 930 (7); 960 (0); 975 (7 b); 1029 (4 b); 1059 (3); 1114 
(10 b); 1192 (8); 1278 (1); 1335 (0); 1367 (0); 1394 (4); 1417 (8); 1458 (8 b); 1486 (4); 1728 (10); 2870 (4); 2897 
(2); 2929 (6 b); 2987 (3 b); 3026 (3). 


Yt 
HCOOC3Hs 


148 (5); 300 (0); 358 (0); 490 (0); 680 (0); 757 (0); 793 (0); 814 (0); 838 (2); 858 (8); 889 (4); 946 (2); 
979 (0); 1003 (0); 1022 (0); 1051 (6 b); 1095 (0);-1115 ( 7 b); 1143 (0); 1175 (0); 1202 (6); 1302 (3 b); 1355 (0); 

1394 (2); 1410 (2); 1452 (10 b); 1519 (0); 1662 (0); 1730 (8); 2850 (3 b)s 2868 (3); 2898 (4 b); 2935 (6); 2968 (3); 
3005 (6); 3000 (3 b). 


EXPERIMENTAL 


Starting compounds. 2,3-Dimethyl-2-butene (tetramethylethylene) was prepared by the dehydration of 
pinacol over zinc chloride at 180°; b.p. 73.0°(760 mm); d?, 0.7078; n*°D 1.4123. The literature [6] gives: 
b.p. 73.2° (760 mm); 0.7080; n?°p 1.4123. 


1-Hexene was prepared by the thermal decomposition of hexyl acetate at 490-510°; b.p. 63.5° (760 mm); 
d?°, 0.6731; 1.3885. The literature [6] gives: b.p. 63.5° (760 mm); 0.6732; 1.3879. 


2,3-Dimethyl-1-butene was prepared by the dehydration of pinacol over zinc chloride at 180° and over 
alumina at 440-450°; in the first case the yield was 32%, and inthe second 45%; b.p. 55° (760 mm); ¢*, 
0.6781; n°°d 1.3895. The literature [6] gives: b.p. 55.6° (760 mm); d’%4 0.6779; n°°d 1.3890, 


Ethyl diazoacetate was synthesized by Curtius's method [7] with later improvements [8] by the action of 
sodium nitrite on glycine ethyl ester hydrochloride. 


Ethyl 2,2,3,3-tetrame thy lcyclopropanecarboxylate. 


HC CHs 


Yo 
\_/ 
CHCOOC,H; 


We took 38 g (0.45 mole) of 2,3-dimethyl-1-butene and 51 g (0.45 mole) of diazoacetic ester. 2,3-Dimethyl- 
2-butene (19 g) was mixed with a catalytic amount of copper sulfate and introduced into a flask fitted with an 


* The spectra were determined by Yu. P. Egorov, G, K. Gaivoronskaya, and A. V. Usova. 


= 


> 
‘ 
2 
& 
= 
A 
‘ 
: 
5 
ats 
Rel 
866 


efficient stirrer, a reflux condenser, and a dropping funnel. Dropwise addition of a mixture of 51 g of diazo- 
acetic ester and 19 g of 2,3-dimethyl-2-butene was made at the boiling point of 2,3-dimethyl-2-butene (735) 
in the reaction flask. When the addition was complete, the mixture was heated until nitrogen ceased to be 
liberated (2-3 hours). The mixture was then filtered from catalyst, and unchanged hydrocarbon was distilled 
off. The residue was vacuum-fractionated through a column of 18-plate efficiency. We obtained 22.5 g (26% 
on the diazoacetic ester taken for reaction) of ethyl 2,2,3,3-tetramethylcyclopropanecarboxylate. The ethyl 
esters of 2-butylcyclopropanecarboxylic and 2-isopropyl-2-methylcyclopropanecarboxylic acids were prepared 
similarly. 


2,2,3,3-Tetramethylcyclopropanecarboxylic acid. The ethyl ester of the acid (3 g) was hydrolyzed with 
20% aqueous -alcoholic KOH solution. The acid was liberated, extracted with ether, dried, and vacuum fraction- 
ated. 2-Butylcyclopropanecarboxylic and 2-isopropyl-2-methylcyclopropanecarboxylic acids were prepared 
similarly (Table 2). 


SUMMARY 


1. A study was made of the reactions of 1-hexene, 2,3-dimethyl-1-butene, and 2,3-dimethyl-2-butene 
(tetramethylethylene) with diazoacetic ester. 


2. In the presence of catalytic amounts of copper sulfate the yield of alkylcyclopropanecarboxylic ester 
increased as we passed from 2,3-dimethyl-1-butene, through 1 -hexene, to 2,3-dimethyl-2-butene. 


3. When the molar ratio of olefins to diazoacetic ester was increased eightfold, there was a considerable 
increase in the yield of alkylcyclopropanecarboxylic ester, but the highest yield was still obtained from 2,3- 
dimethy1-2-butene. 


4. When account is taken of the fact that the three-membered ring is formed directly without intermediate 
formation of a pyrazoline base, we have to acknowledge that in the cases examined the diazoacetic ester mole- 
cule must break down into a nitrogen molecule and a diradical, which then reacts further with the olefin; the 
reaction has a free-radical mechanism. . 
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BRIEF COMMUNICATIONS 
CYCLIZATION OF ETHOXYFARNESENIC ACID 


B. M. Mikhailov and L. S. Povarov 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 935-936, 1960 | 
Original article submitted September 9, 1959 


The mechanism of the cyclization of isoprenoid compounds is attracting considerable attention at the 
present time. Together with the study of the cyclization of natural isoprenoid compounds, this reaction on various 


compounds which are derivatives and analogs of natural terpenes is of undoubted interest. Until now the latter 
problem has received little attention. 


In the present work we studied the cyclization of 5-ethoxy-3,7,11-trimethyldodecatrien-2,6,10-oic-1 acid 
(ethoxyfarnesenic acid) (III). The latter was obtained from the product of condensing citral acetal with ethoxy - 
isoprene in the presence of zinc chloride. As we showed previously [1], this forms the acetal of 5-ethoxy-3,7,11- 
trimethyldodecatrien-2,6,10-al-1 (acetal of ethoxyfarnesal) (I) and the acetal of 5,9-diethoxy -3,7,11,15-tetra - 
me thy lhexadecatetraen-2,6,10,14-al-1. When hydrolyzed in the cold with dilute phosphoric acid, ethoxyfarnesal 
acetal forms ethoxyfarnesal (II). Oxidation of the latter with silver oxide yields ethoxyfarnesenic acid (III). 


C,H, OC,Hs 


CH(OC,H,), . = CHO COOH 
(1) (il) (ut) 


Acid (III) was cyclized by the action of boron trifluoride etherate at 4-5°, According to the literature, 
farnesenic acid forms monocyclofarnesenic acid under these conditions [2]. It was found that the cyclization of 
ethoxyfarnesenic acid is accompanied by elimination of the ethoxyl group. The reaction yielded bicyclodehydro- 
farnesenic acid, 4a, 5, 6, 7, 8, 8a-hexahydro-2,5,5,8a -tetramethylnaphthalenecarboxylic-1 acid (V) in the form 
of two isomers, a liquid and a crystalline one. Bicyclofarnesenic acid has been described in the literature as a 
liquid [3]. The structure of the crystalline isomer of the acid (V) we obtained was demonstrated by dehydrogena - 
tion with selenium. 1,6-Dimethylnaphthalene was isolated from the dehydrogenation products as the picrate. 
Determination of the bromine number of the liquid cyclization product showed that it added 1.6 moles of bromine 
per mole of substance under standard conditions, which corresponds to two conjugated double bonds in the molecule 
that normally are not brominated completely under these conditions. Thus, the cyclization of ethoxyfarnesenic 
acid may be represented by the following scheme: 


C,H, 
4 


{ 

Pers 

- 

+ 

-C,H,OH H ‘ 

OOH OOH COOH 

(1) (IV) 

-} 

COOH 

OOH COOH 

(Vv) 

= 
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It is possible that double cyclization of dehydrofarnesenic acid (IV) occurs due to the presence of the 
alcohol formed as a result of the conversion of (III) into (IV), which forms a protonic acid with boron trifluoride. 
It is known that in the presence of protonic acids the cyclization of farnesenic acid cannot be stopped at the 

formation of the monocyclic product [4]. 


EX PERIMENTAL 


Ethoxyfarnesal (II). To 10 g of ethoxyfarnesal acetal were added 1.2 ml of 1% phosphoric acid and 2.7 ml 
of alcohol. The hydrolysis was carried by the procedure described in [5]. We obtained 6.5 g (83.2%) of ethoxy- 
farnesal with b.p. 122-125° (2 mm); d”%, 0.9182; nD 1.4989. Found: € 77.31, 77.57, H 10.50, 10.60%, 
Cy7H_gO,. Calculated: C 77, 22, H 10.67% 


Ethoxyfarnesenic acid (III), Oxidation of 17.5 g of ethoxyfarnesal (II) with silver oxide [6] gave 11 g (59.3%) 


of ethoxyfarnesenic acid with b.p. 147-150° (2 mm); 0.9638; n?°D 1.4912; found MR84.23; calculated MR 82.48. 


Found: C 72.25, 72.34, H 9.88, 9,70%, Cy7HpgO3. Calculated: C 72.81, H 10.06% 


Isomers of 4a,5, 6,7,8a-hexahydro-2,5,5,8a -tetramethylnaphthalenecarboxylic-1 acid (bicyclodehydro- 


farnesenic acid) (V). Ethoxyfarnesenic acid (III) (20.5 g) was cyclized with boron trifluoride etherate by the 


procedure described for the cyclization of farnesenic acid [2]. Distillation of the reaction products gave 10 g of 
a mixture of isomers of acid (V) with b.p. 136-138° (0.5 mm) (total yield 58.3%) as a very viscous, yellowish, 
resinous liquid. This fraction was diluted with hexane and after a few days the solution deposited 2 g of white 
crystals (yield of crystalline isomer 12%). After crystallization from ligroin, this substance had m.p. 153-154°, 
Found; C 77,24, 76.96, H 9.53, 9.45%. CysHp,O,. Calculated: C 76.88, H 9.51%. 


A 1g sample of the crystalline substance obtained was heated in a sealed ampule with 2.5 g of selenium 
on an oil bath at 310° for 40 hr [7]. After the ampule had been opened, the product was extracted with benzene, 
the benzene removed in vacuum, and the residue fractionated. Three fractions were isolated: fraction I up to 
80° (2 mm), fraction II 80-105° (2 mm), and fraction III 105-120°(2 mm). To fraction II was added a hot solu- 
tion of 0.1 g of picric acid in 1 ml of methanol. Orange-red needles had separated on the following day and 
these were collected, washed with a small amount of methanol, and dried; they had m.p, 113-114°, The picrate 
of 1,6-dimethylnaphthalene has m.p, 114° [7]. 


The liquid isomer remaining after separation of the crystals was a viscous, yellowish, resinous liquid with 
n*°D 1.5240, Found: C 77.14, 76.43, H 9.50, 9.34%, CysH220,. Calculated: C 76.88, H 9.51%. The bromine 


number, determined by Rosenmund's method [8], equaled 111.24, 103.90. This corresponds to 1.6 moles of 
bromine per mole of substance. 


SUMMARY 


1. Hydrolysis of ethoxyfarnesal acetal (I) yielded ethoxyfarnesal (II), which was converted into ethoxy - 
farnesenic acid (III) by oxidation. 


2. Under the action of boron trifluoride etherate, ethoxyfarnesenic acid underwent cyclization with 
simultaneous elimination of alcohol to form liquid and crystalline isomers of 4a,5,6,7,8,8a-hexahydro-2,5,5,8a - 
tetramethyInaphthalenecarboxylic-1 (bicyclodehydrofarnesenic) acid (V). 
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SYNTHESES BASED ON 2-PRENYLDIHYDRORESORCINOL 


V. I. Gunar and S. I. Zav'yalov 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
p. 937, 1960 

Original article submitted September 11, 1959 


Some of the most accessible alkyl derivatives of dihydroresorcinol are 2-prenyldihydroresorcinols, which 
are readily formed by heating prenyl bromides with the sodium enolate of the 6-diketone in methanol [1]. The 
presence of the allyl double bond in the molecule of 2-prenyldihydroresorcinols opens up the possibility of using 
these substances in the synthesis of various aliphatic and cyclic compounds. In the present work we used for the 
investigation 2-prenyldihydroresorcinol itself, which was described previously by Nazarov and his co-workers [2]. 


When heated with phosphoric acid, 2-prenyldihydroresorcinol underwent cyclization to 2,2-dimethyltetra - 
hydrochroman-5-one, the dehydrogenation of which with palladium on charcoal led to 2,2-dimethylchroman-5 -ol 
in 20% yield (m.p. 119-120° after recrystallization from heptane). Found: C 73.82, 73.80, H 8.01, 7.88%, 
CyyHygO,. Calculated: C 74.13, H 7.92%. The 3,5-dinitrobenzoate had m.p, 132-133° (after recrystallization 
from methanol), Found: C 57,81, 57.96, H 4.41, 4.34%, CygHygO,N,. Calculated: C 58.06, H 4.33%, 2,2- 
Dimethylchroman-5-ol could also be obtained in 50% yield by bromination of 2,2-dimethyltetrahydrochroman- 
5-one and subsequent dehydrobromination of the intermediate dibromide. 


The reaction of 2-prenyldihydroresorcinol with diazomethane formed the enol ether (92% yield), which 
with methylmagnesium iodide gave 2-prenyl-3-methyl- A”-cyclohexen-1-one (55% yield) with b.p. 78-80° 
(0.05 mm); n*°D 1.5092. Found: C 81.16, 81.83, H 10.01, 10.20%, CyHyg0,. Calculated: C 80,85, H 10.18%, 
The 2,4-dinitrophenylhydrazone had m.p, 138.5-139,5° (after recrystallization from a mixture of methanol and 
dioxane). Found: N 16.00, 15.85% CygHp,O,Ny. Calculated: N 15.63% 


Under the action of boiling barium hydroxide solution, 2-prenyldihydroresorcinol underwent hydrolytic 
cleavage with the formation of 5-keto-9-methyl- A®-decenoic acid (78% yield) with b.p. 155-160° (1 mm) and 
m.p. 41-42° (after recrystallization from heptane). Found: C 66.51, 66.44, H 8.79, 8.78%, CyyHygO3. Cal- 
culated: C 66.64, H 9.15%. Under the action of polyphosphoric acid, 5-keto-9-methyl- A®-decenoic acid was 
converted in 12% yield into 6-methyl-1-tetralone with b.p. 136-138°(9 mm); n*°D 1.5640. The semicarbazone 
had m.p. 217.5-219.5° (after recrystallization from a mixture of methanol and dioxane). Found: C 66.61, 66.60, 
H 7.17, 7.29%.Cy2HygON3. Calculated: C 66.34, H 6.96% The 2,4-dinitrophenylhydrazone had m.p. 244-245° 


(after recrystallization from a mixture of methanol and dioxane). Found: N 16.54, 16.64% Cy7HygQ4Ny. Cal- 
culated: N 16.46%. 


The reaction of methylmagnesium iodide with 5-keto-9-methyl-A*-decenoic acid or better, its potassium 
salt gave geranylacetic acid in 77-80% yield. 


Reductive cleavage of 2-prenyldihydroresorcinol by Statter’s method gave 8-methyl-A*-decenoic acid 
(87% yield) with b.p. 146-148°(7 mm); n°°D 1.4555. Found: C 71.74, 71.97, H 11.00, 10.86%. C4,Hp9O,. Cal- 
culated: C 71.69, H 10.94%, The S-benzylthiuronium salt had m.p. 140.5-141.5° (after recrystallization from 
aqueous methanol). Found:N 8.60, 8.41%. CygHggQ2NoS. Calculated: N 8.00%, 
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SUMMARY 
On the basis of dihydroresorcinol we prepared 2,2-dimethylchroman-5-ol, 2-prenyl-3-methyl-A*-cyclo- 
hexen-1-one, 6-methyl-1-tetralone, geranylacetic acid, and 8-methyl-A*-decenoic acid. 
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DIRECT HYDROXYLATION OF 2-SUBSTITUTED DIHYDRORESORCINOLS 


S. I. Zav'yalov, V. I. Gumar, and A. F. Vasil'ev 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
p. 938, 1960 


Original article submitted September 11, 1959 


Under the action of hydrogen peroxide in an alkaline medium, 2-substituted dihydroresorcinols undergo 
hydroxylation with the formation of 2-hydroxy derivatives. Under these conditions 2-methyldihydroresorcinol, 
2-methyldimedone, 2-benzyldihydroresorcinol, and 2-prenyldihydroresorcinol gave: 1) 2-methyl-2-hydroxy - 
dihydroresorcinol (15% yield) with m.p. 132-133° (after recrystallization from a mixture of benzene and iso- 
octane). Found: C 59,18, 59.37, H 7.07, 7.23% C7zHygO3. Calculated: C 59.14, H 7.09%, 2) 2-Methyl-2- 
hydroxydimedone (52% yield) with m.p. 101-102° (after recrystallization from a mixture of benzene and heptane). 
Found: C 63.51, 63.46, H 8.10, 8.21%. CgH O03. Calculated: C 63.51, H 8.29% 3) 2-Benzyl-2-hydroxydihydro- 
resorcinol (65% yield) with m.p. 110-111° (after recrystallization from a mixture of benzene and heptane). 

Found: C 71.24, 71.30, H 6.77, 6.70%. Cyg3H,4Oy3. Calculated: C 71.54, H 6.47%, 4) 2-Prenyl-2-hydroxydi- 
hydroresorcinol (36% yield) with m.p. of the acetate of 76-77° (after recrystallization from heptane). Found: 
C 65.56, 65.30, H 7.71, 7.66%. CygH Calculated: C 65.53, H 7.92%, 


SUMMARY 


A method was developed for the direct hydroxylation of 2-substituted dihydroresorcinols in position 2 by 
means of hydrogen peroxide in an alkaline medium. 
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POLAROGRAPHIC STUDY OF N-OXIDES OF ANABASINE 
AND N-METHYLANABASINE 


S. G. Mairanovskii, N. V. Barashkova, F. D. Alashev, 
and V. K. Zvorykina 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 


Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 938-940, 1960 


Original article submitted September 16, 1959 


We undertook a polarographic study of the N-oxides of anabasine and N-methylanabasine to determine the 
possibility of using polarography to establish the position of N-oxide oxygen in molecules with two different 
tertiary nitrogens. We studied the polarographic behavior of anabasine N-oxide (1), N-methylanabasine Py-N- 
oxide (II), N-methylanabasine Pi-N-oxide (III), and N-methylanabasine N,N‘-dioxide (IV). 


(Iv) 


(1) 


For comparison we also plotted curves of anabasine and N-methylanabasine. The work was carried out in 
a thermostatted cell with two removeable saturated calomel electrodes (anode and reference electrode) [1] at 
25 + 0.1°; some of the curves were plotted visually (from points) with potentiometric control of the dropping 
electrode potential and some were plotted with a TsLA recording polarograph of Energochermet [2] with control 
of the potentials by the method described previously [3]. The half-wave potentials were determined from loga- 
rithmic graphs of the waves. The dropping electrode had a paddle for forced removal of the drop [4]; its char- 
acteristics were as follows: m= 1.96 mg/sec, = 0.29 sec, = 1,28 mg’ sec’, The polarograms were 
plotted with base electrolytes of citrate—phosphate, borate, and KCl + HCI buffer solutions. The preparation 
methods and the properties of the N-oxides of N-methylanabasine were described previously [5]. 


In comparison with polarograms of the starting alkaloids, polarograms of acid solutions of all the N-oxides 
of anabasine and N-methylanabasine showed an additional wave, which was naturally ascribed to the reduction 
of the N-. O group. At low pH values this wave lay at less negative potentials than the first reduction wave of 
the alkaloid itself (its adsorption prewave [6]). The fact that after the wave corresponding to the electrode process 
involving the N -, O group there followed waves which were identical with the steps on the polarograms of the 
alkaloids themselves (Fig. 1) indicates the reduction of the N-oxides to the corresponding amines (i.e., to anabasine 
or N-methylanabasine in the present case), as occurs with other N-oxides [7-10]. 


The waves of all the N-oxides we studied were of the diffusion type and their heights were proportional to 
the concentrations of the depolarizer and corresponded to the transfer of two electrons. With an increase in the 
pH of the solutions in the acid region, the constants of the diffusion current fell somewhat, approximately the 
same as in the case of pyridine N-oxide [8]; with a change to neutral and alkaline solutions there was a sharp 
fall in the heights of the waves. In acid solutions, the dioxide (IV) gave a two-step N-oxide wave (Fig. 1); with 
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Fig. 1. Polarograms of N-methylanabasine Fig. 2. Polarograms of N-methylanabasine a 
(2) and its N-oxides: Py (3), Pi (4), and Py-N-oxide (1) and Pi-N-oxide (2) at pH ‘ 
dioxide (5) in a solution with pH 1. Curve 1) 3.0 in the coordinates E—log i/ (ij;,),-i). a 
discharge of base electrolyte. be 
an increase in the pH, the two steps of reduction of the N-, O group B- 
of compound IV merged to give one N-oxide wave of twice the : 
height. The constants of the diffusion current of the N-oxide waves i 
of substances (I), (II), and (III) in acid solutions were almost identical; : 
at pH 3.0 the mean value of the constant itim/ ems t% = 2.58 : 
liter. mmole” - - secY2 and the diffusion coefficient 
4.5- 1076 cm’ sec. For (IV) at pH 3.0, the current constant 
equaled 5.28. 
P As Fig. 1 shows, the form of the waves differed for N-oxide : 
ofits of the pyridine (Py) and piperidine (Pi) rings; the Pi-N-oxide wave - 
 ——— ‘= was very elongated. Logarithmic graphs of E against log i/ (i};,,-i) 
: . of waves of both types of N-oxides were linear (Fig. 2). The recip- 
Fig. 3. Relation of Ey, to the loga- rocal of the slope of the logarithmic graph for the Py-N-oxide varied 
rithm of the concentration of Py-N- over the range 70-80 mv for solutions with different pH values; almost H 
oxide (1) and Pi-N-oxide (2) of the same slope has been observed for other Py-N-oxides [8, 9]. The 
N-methylanabasine in a buffer solu- slope of graphs of waves of Pi-N-oxides (III and Iv) lay within the 
tion with pH 3.0. range 175-195 mv. With an increase in the pH of the solutions, the we 
waves of the N-oxides were displaced toward negative potentials a 
and within the limits of experimental error, the relation between Ey, and pH of the solution was linear. : 
For (I) and (II) the value AE,/,/ApH » -65 mv/pH unit; with an increase in pH, the waves of the alkaloids 
themselves were displaced somewhat less (A€g/ApH » -59 mv [6]), and therefore with an increase in pH, the see 
waves corresponding to Py-N-oxides approached the first discharge wave of the alkaloid and at ph w 9.0, they 
overlapped it. In the case of Pi-N-oxide (III), with an increase in pH its wave was displaced much less 
(AE\/, /ApH  -20 mv), than Ei, of the alkaloid waves or Ei/, of the Py-N-oxide wave and therefore, with an 
increase in pH, on polarograms of (III) there was a more complete separation of the Pi-N-oxide wave from the 
subsequent waves, and has already been noted, in the case of (IV) there was merging of the Py- and Pi-N-oxide 
waves into one step (in acid solutions the value of Ei, of the Py-N-oxide wave was more positive than the Pi-N- 
oxide). It should be noted that with an increase in the depolarizer concentration, E, , of both the Py- and Pi-N- 
oxide waves became more negative. Figure 3 gives the relation between Ey and log‘c of the depolarizer for 7 
(ID) and (II). In a solution with pH 3.0 atc w 0.5 mM, the values of Ey were as follows (relative to a saturated 
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calomel electrode): (I)}—0.916; (II)—0.874; (IM1)—0.905; for the waves of (IV), merged into one step, the total 
value was close to -0.90 v. 


The data presented show that the values of E,, for the two types of N-oxides are similar and these values 
cannot be used to establish the position of an N-oxide group in molecules with nonequivalent nitrogen atoms. 
However, an unequivocal choice between two structures is possible by an analysis of the form of the wave; in the 
case of a Pi-N-oxide, the wave is much more elongated (Fig. 1) so that the slope of its logarithmic graph is 
~ 2.5 times greater than the corresponding value for a Py-N-oxide wave (Fig. 2). 


SUMMARY 


1, Polarographic reduction waves of anabasine and N-methylanabasine N-oxides were investigated and 
the nature of their dependence on solution pH and depolarizer concentration was studied. 


2. It was established that there is a difference in the nature of the polarographic reduction of N-oxide 


groups at pyridine and N-methylpiperidine nitrogen, which makes it possible to use polarography to determine 
the position of an N-, O group in molecules with two tertiary nitrogen atoms differing in character. 
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AT DOSE STRENGTHS UP TO 107° ev/ml °: sec 


RADIOLYTIC REDUCTION OF TETRAVALENT CERIUM 


A. K. Pikaev and P. Ya. Glazunov 


Institute of Physical Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 940-942, 1960 

Original article submitted September 25, 1959 


An aqueous solution of ceric sulfate in 0.8 N sulfuric acid is one of the most widely used dosimetric systems. 
However, the literature contains no data on the radiolysis of this system at extremely high dose strengths. There 
is only the work of Sutton and Rotblat [1], who studied the change in the ratio of the radiation yields of Fe** and 
Ce**, G(Fe®*)/G(Ce>*), with an increase in the dose strength and established that this ratio decreases appreciably 


beginning with a dose strength of ~ 10°! ev/ml- sec. However, these authors did not determine the values G(Fe**) 
and G(Ce®*). 


The procedure that we developed previously [2-4] for obtaining and measuring powerful pulses of electrons 
made it possible to determine the value G(Ce* *) at high dose strengths. The source of pulsed electron radiation 
was a high-voltage direct acceleration tube, fed with 1.2 Mev froma cascade valve—condenser voltage multiplier. 
The action of the dark current was eliminated completely by the method we described previously [4]. The dose 
strength was varied by changing the temperature of the cathode of the electron gun of the accelerator tube. 


Doubly distilled water was used in the experiments. In one case the water used was first irradiated with 
Co® y-rays and after the H,O, formed had been decomposed with ultraviolet light, it was distilled with a quartz 
apparatus. The Ce(SO,)2 * 4H,O ("pure™ grade) was recrystallized twice from doubly distilled water with a small 
amount of sulfuric acid added. Commercial sulfuric acid ("Bakers C.p." grade) was used without preliminary 
purification. For the determination of G(Ce**) we used a 2 - 1074 M solution of Ce(SO,), - 4H,O in 0.8 N H,SO, 
saturated with air. The solutions irradiated were of a sufficient degree of purity. The value of G(Ce**) found 
by irradiation of these solutions with 0.8 Mev accelerated electrons at dose strengths normally used in radiation 


chemistry was 2.34 + 0.15 ions/100 ev. According to [5], for 2 Mev electron radiation G(Ce**) equals 2.32 ions 
per 100 ev. 


The amount of Ce** formed during irradiation was determined spectrophotometrically. The extinction 
coefficient of Ce** in 0.8 N H,SO, at 320 mp was taken as equal to 5580 (at 25°) [6]. The solutions were ir- 
radiated in a glass cell (7 ml in volume) with a glass membrane. The energy absorbed by the Ce** solution 
was determined by measuring the electron current in the solution with a platinum probe sealed into the cell from 
a special current integrator and a conversion apparatus. The energy loss during the passage of electron beam 
through the cell membrane was evaluated accurately by determination of the integral dose by the ferrous sulfate 
method and determination of the electron current in the solution at low dose strengths (continuous electron beam) 
and at the same initial electron energy as with pulsed radiation. 


Depending on the dose strength, the solutions were irradiated with 1-500 pulses. The pulse duration was 
5 - 10-8 sec, The initial energy of the electrons was 0.8 Mev. During one pulse the solution received an integral 
dose in the range of 5 - 10'5-3 . 10" ey/ ml, which corresponded to a dose strength of 1 - 107!-6 - 10” ey/ ml - 
* sec. Figure 1 shows the relation of Ce** reduction to integral dose at a dose strength of ~ 6° 10” ev/ ml - sec. 
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Relation of G(Ce**) to Dose Strength 


Dose strength in G(Ce3*), ions per | Dose strength in | G(Ce**), ions per 
ev/ sec ev/ ml sec 


1018 : + 1022 
1021 2,44+ + 4022 
1021 2 4022 
1021 2,66 


*G(Ce® *) was determined for continuous electron irradiation. 
* In this case the solution was prepared with water which had first been irradiated with 
Co® y -rays and after decomposition of the H,O, formed, distilled in a quartz apparatus. 


Asthe figure shows, the formation of Ce** was linearly 
dependent on the integral dose and the scatter of the points did 
not exceed + 10%. 


102) 


The table gives the relation between G(Ce**) and dose 
strength. Each value of G(Ce*® 7 is the mean of 5-20 measure- 
ments. As the data in this table show, at high dose strengths 
beginning with a dose strength of ~ 10" ev/ml - sec, there is 
an appreciable increase in the value of G(Ce**.) 


* formed (mmole 
per ml - 


It is generally accepted [7, 8] that in dilute aqueous solu- 
7 6 15 16 tions the radiolytic conversions of cerium are mainly caused by 
Dose, ev/ ml - 10%? the action of radiolysis products of water: 


Reduction of Ce** in relation to dose Cett +H + Ce* + Ht 


(1) 
2Ce*t +. 2Ce* + O, + 2H+ (2) 


(dose strength ~ 6+ 10% ey/ml - sec 


Ce 4 OH Cet* + OH’ (3) 
G (Ce*)=G,, + — Gon (4) 


where G,,, Gu , and G_,, are the yields of i corresponding radiolysis products of water. In previously publish- 
ed work [4] on wild radiolytic oxidation of Fe*” in aqueous solutions, we suggested that the decrease in the value 
of G(Fe**) at high dose strengths occurs as a result of overlapping of the tracks of ionizing particles. Thereupon 
GH,O, increases, while Gy and Gop decrease. In the case of aqueous solutions of Ce**, this should lead to an 
increase in G(Ce® 7 as is shown by equation (4). 


Thus, our experimental data in combination with available literature data [1, 4, 9] show that in radiolytic 
conversions in dilute aqueous solutions at high dose strengths beginning with ~ 1074 ev/ml * sec, an appreciable 
role is played by phenomena connected with overlapping of the tracks of ionizing particles. 


SUMMARY 


1, The radiolytic reduction yield of Ce** in aqueous sulfuric acid solutions increases appreciably, begin- 
ning with a dose strength of ~ 107! ev/ ml + sec 

2. The increase in the radiation yield of Ce** is explained by overlapping of the tracks of ionizing par- 
ticles at high dose strengths. 
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PHENYLENE-CONTAINING ORGANOSILICON COMPOUNDS 
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pp. 942-943, 1960 
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Organosilicon compounds with alternating groups of atoms of the type —Si-C—Si-— are quite heat-stable 
substances, distilling with decomposition at high temperatures, Certain compounds containing phenylene radicals 
between neighboring silicon atoms [1, 2] are particularly resistant to high temperatures. A convenient method [3] 
which was developed recently for preparing these compounds according to the scheme 


talysi 


will apparently make it possible to use them in the near future for synthesizing very varied heat-resistant com- 
pounds of this type. 


By applying organomagnesium synthesis to 1,4-dibromobenzene and dimethyldichlorosilane, we obtained 
low yields of 4-bromophenyldimethylchlorosilane and 1,4-bis(dimethylchlorosilyl)benzene, which has been syn- 
thesized previously [4] and is a compound that is readily hydrolyzed in air. Then, condensation of 1,4-bis(di- 
methylchlorosilyl)benzene with sodium triphenylsilanolate gave a good yield (uy to 83%) of 1,4-bis[dimethyl- 
(triphenylsiloxy)silyl]benzene, which formed colorless crystals with m.p. 237-238° and distilled at atmospheric 
pressure at 465-475° without decomposition. 


EXPERIMENTAL 
CHs 


| 
4 -BromophenyldimethyIchlorosilane Br—Z S—si-cl 
CH3 


4-Bromophenylmagnesium bromide was prepared from 12 g of magnesium and 120 g of 1,4-dibromobenzene 
in 600 ml of ether in an atmosphere of dry nitrogen. Over a period of 2 hr, 70 g of dimethyldichlorosilane was 
added to the solution at 0° and then the mixture was boiled for 10 hr. After removal of the magnesium halides, 
the filtrate was distilled. We obtained 39,7 g (32% yield, calculated on 1,4-dibromobenzene) of 4-bromophenyl- 
dimethylchlorosilane with b.p, 160-168°; a, 1.4274; n*°D 1.5512; found MR 55.80; calculated MR 55.26. 
Found: Si 10.8, 11.4%. CgHySiCIBr. Calculated: Si 11.2%. 


CHg CHs 


_ | 
1,4-Bis(dimethylchlorosilyl)benzene a-Si-¢ 


CHs CHs 


BrMgC,HyMgBr was prepared from 12 g of magnesium and 60 g of 1,4-dibromobenzene. Then 70 g of 
dimethylchlorosilane was added to the cooled solution and the mixture boiled for 14 hr. Removal of the 
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magnesium halides and two vacuum distillations of the extract yielded 18 g (27% yield, calculated on 1,4-di- 
bromobenzene) of 1,4-bis(dimethylchlorosilyl)benzene with b.p. 200-208° (65 mm); d?°, 1.2259; np 1.5820; 
found MR 72.70; calculated MR 71.62. Found; Si 20.7, 21.1%. CygHygSigClp. Calculated: Si 21.4%, 


CH3 CH; 


1,4 (CgHs)3Si SiOsi (CeHs)s- 


CH, 


Sodium triphenylsilanolate was prepared from 30 g of triphenylsilanol in 300 ml of benzene and ~ 4 g of 
metallic sodium. The solution was cooled in ice water, 13.5 g of 1,4-bis(dimethylchlorosilyl)benzene added, 
and the mixture boiled for 4 hr. After removal of the sodium chloride, the crystals deposited by the solution were 
recrystallized twice from o-xylene. We collected 31.5 g [83% yield, calculated on 1,4-bis(dimethylchlorosily1) 
benzene] of product melting at 237-238°, 1,4-Bis[dimethyl(triphenylsiloxy)silyl]benzene distilled at atmospheric 
pressure and 465-475° without decomposition. Found: Si 14.5, 14.9%. CygHygSi,O,. Calculated: Si 15.1%, 


SUMMARY 


By condensation of sodium triphenylsilanolate with 1,4-bis(dimethylchlorosilyl)benzene, we synthesized 
for the first time 1,4-bis[dimethyl(triphenylsiloxy)silyl]benzene, which is a crystalline substance with m.p, 237- 
238°, distilling at 465-475° without decomposition. 
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SYNTHESIS OF 1,4-DINITRO-1,3-BUTADIENE 


S. S. Novikov, I. S. Korsakova, and K,. K. Babievskii 
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Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 944-945, 1960 

Original article submitted September 28, 1959 


In previous work [1-3] we investigated the reactivity of 1- and 2-nitroalkenes in the Michael condensation. 
In connection with this it seemed interesting to determine the possibility of extending this reaction to another 
class of unsaturated nitro compounds, namely, nitrodienes. However, literature information on the synthesis of 
these compounds 1s_ very limited. 


The first communication on the synthesis and some properties of nitrodienes appeared in 1947 in the work 
of Buckley and Charlish [4]. The authors of this paper synthesized 3-nitro-1,3-pentadiene (I) and 2-nitro-3- 
methy1l-1,3-butadiene (II) by pyrolysis of the corresponding nitroacetoxy derivatives. 


O,N—CH (—CH—OCOCHs)s CHy—CH=C-—CH=CH, + 2CH;COOH 
| 
CHs ho, (1) 


CHs 


| 
C=CH, +- CH;COOH 
NO, CH; NO, 
(II) 


Like the simplest nitroalkenes, these nitrodienes are strong lachrimators; they are not polymerized by the 
action of bases, but are converted into low-melting resins in the presence of peroxides. 


A year later, Fort and McLean [5] obtained 1-nitro-1,3-pentadiene analogously from 1 -nitro-2-acetoxy - 


3-pentene. 
CHs—CH =CH—CH—CH,NO, CH;—CH=CH—CH =CH—NO, + CH;COOH 


| 
OCOCHs; 


This nitrodiene polymerizes to an amber resin inthe presence of sodium methylate. Subsequently, several at- 
tempts were made to prepare nitrodienes by direct nitration of dienes with concentrated nitric acid [6, 7]. 
1-Nitro-1,3-butadiene was obtained from butadiene by this method (no mention of yield) and this underwent 

diene synthesis with maleic anhydride [7]. 2-Nitro-5-methyl-2,4-hexadiene is known to be formed as a byproduct 
in the reaction of 1-chloro-3-nitro-2-butene with the sodium salt of 2-nitropropane [8]. There are no reports in 


the literature of the preparation of aliphatic dinitrodienes. In the present work we describe the synthesis of 1,4- a 
dinitro-1,3-butadiene. 
The starting material was glyoxal, which is known to condense with two molecules of nitromethane [9] to § a 
form 1,4-dinitro-2,3-butanediol. 
CHO—CHO + 2CH3NO, O,N—CH.—CH—CH—CH,NO, 

by bu 


fer 
4 
4 
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We were not only able to increase the total yield of this dinitrodiol in comparison with literature data, but 
also to separate its two diastereoisomers on the basis of their different solubilities in nitromethane. The yield of 
the isomer of 1,4-dinitro-2,3-butanediol which was difficultly soluble in nitromethane (m.p. 134°) was 40.5% of 
theoretical; the yield of the readily soluble isomer (m.p. 89.5-90°) was 40%, The two isomers were acetylated 

separately to the corresponding diacetates with acetyl chloride. Boiling 1,4-dinitro-2,3-diacetoxybutane in dry 


chloroform in the presence of 0.1 mole of anhydrous potassium bicarbonate gave a quantitative yield of 1,4- 
dinitro-1,3-butadiene. 


KHCO, 
O,NCH;—CH CH—CH,NO,—— + O,NCH=CH—CH=CHNO, 2CH;COOH 
OCOCH, OCOCHS 


1,4-Dinitro-1,3-butadiene is a light yellow crystalline compound with m.p. 146.5-147°, The structure of the 
1,4-dinitro-1,3-butadiene obtained was confirmed by its infrared spectrum, which had an absorption band at 
1615 cm", characterizing a conjugated diene system [10], and absorption bands at 1525 and 1340 cm”, corre- 


sponding respectively to antisymmetrical and symmetrical valence vibrations of a nitro group [11] in nitro- 
alkenes.* 


EXPERIMENTAL 


Preparation of 1,4-dinitro-2,3-butanediol. With stirring and cooling to 5°, 29 m1 (0.2 mole) of 30% aqueous 
glyoxal and a solution of 16 g (0.4 mole) of sodium hydroxide in 24 ml of water were added dropwise from separ- 
ate funnels to a solution of 140 ml of nitromethane in 140 ml of methanol. The mixture obtained was stirred 
for 1 hr at 0°, diluted with 100 ml of water, and saturated with excess sulfur dioxide. The organic layer was separ- 
ated and the aqueous layer extracted 4 times with 40 ml portions of nitromethane. The extracts together with the 
main solution were dried over sodium sulfate, decolorized over activated charcoal, and the nitromethane removed 
in vacuum until crystallization of the residue began. The crystals of one of the diastereoisomers of 1,4-dinitro-2,3- 
butanediol obtained were collected, washed on the filter with water, and dried in air. The yield was 7.3 g (40.5% 
of theoretical) and the m.p. was 134° (from nitromethane). Literature data [9]: m.p. 134°, Evaporation of the 
filtrate to dryness in an oil-pump vacuum gave 7.2 g (40% of theoretical) of the other isomer of 1,4-dinitro-2,3- 
butanediol with m.p. 89.5-90° (from a mixture of nitromethane and chloroform). Found: C 26.75, 26.86, H 4.70, 
4.67, N 15.38, 15.39%. C4HgN,O,. Calculated: C 26.67, H 4.49, N 15.55%. 


Acetylation of 1,4-dinitro-2,3-butanediol. A solution of 2 g (0.011 mole) of the dinitrodiol (m.p. 134°) 
in 25 ml of glacial acetic acid containing 5 ml of acetyl chloride was boiled under reflux until the evolution of 
hydrogen chloride ceased and then the solution was cooled and poured into 100 ml of water. The crystals of 
1,4-dinitro-2,3-diacetoxybutane were collected, washed with water and dried in air. The yield was 2.5 g (85.5% 
of theoretical) and the m.p, 91.5-92° (from alcohol. Found; C 36.70, 36.72, H 4.79, 4.74, N 10.83, 10.35%, 
CgHyN,Og. Calculated: C 36.37, H 4.58, N 10.60%, Analogously, from 1.0 g of dinitrodiol (m.p. 89.5-90°) we 
obtained 1.2 g (82% of theoretical) of the second isomer of 1,4-dinitro-2,3-diacetoxybutane with m.p. 80.5-81° 


(from alcohol). Found: C 36.34, 36.58, H.4.68, 4.85, N 10.69, 10.59%. CgHyN,O,. Calculated: C 36.37, H 4.58, 
N 10.60%, 


Preparation of 1,4-dinitro-1,3-butadiene. A mixture of 2.64 g (0.01 mole) of 1,4-dinitro-2,3-diacetoxy- 
butane, 75 ml of dry chloroform, and 0.1 g (0.001 mole) of powdered potassium bicarbonate was boiled under 
reflux for 4 hr. The solution was filtered in the hot state and the solvent evaporated in a water-pump vacuum. 
We obtained 1.4 g (quantitative yield) of light yellow needles of 1,4-dinitro-1,3-butadiene with m.p. 146.5-147° 
(from chloroform). Found: C 33.60, 33.50, H 2.77, 3.01, N 19.73, 19.84%, CgHyN,O,y. Calculated: C 33.35, 


H 2.80, N 19.45%, Infrared spectrum (2% chloroform solution): 1615 cm™!—conjugated diene system; 1525 and 
1340 cm~!—nitro group in nitroalkenes. 


SUMMARY 
A method is proposed for the synthesis of 1,4-dinitro-1,3-butadiene. 


*The infrared spectra were investigated by V. I. Slovetskii. 


“ay 
: 
| 
: 
: 
ES 
883 


LITERATURE CITED 


S. S. Novikov, K. K, Babievskii, and I. S. Korsakova, Doklady Akad. Nauk SSSR 125, 560 (1959). * 
S. S. Novikov, I. S. Korsakova, and K. K. Babievskii, Izvest. Akad. Nauk SSSR, Otdel. Khim. Nauk, 
1480 (1959), * 
S. S. Novikov, I. S. Korsakova, and K. K. Babievskii, Izvest. Akad, Nauk SSSR, Otdel. Khim. Nauk, 
1847 (1959). * 
G. D. Buckley and J. L. Charlish, J. Chem. Soc, 1472 (1947). 
G. Fort and A. McLean, J. Chem. Soc. 1907 (1948). 
. C.S. Coe and T. F, Doumani, U. S. Pat 2,478,243 (1949); Chem. Abs. 44, 1128 (1950), 
V. Kataev, Soobshcheniya o Nauchn. Rabotakh Chl. VKhO im. D. 1 Mendeleeva, 2, 49 (1955). 

H. Shechter and F. Conrad, J. Am. Chem. Soc, 76, 2716 (1954). 
H. Plaut, U. S. Pat. 2,616,923; Chem. Abs. 49, 11701 (1955). 
L. Bellamy, Infrared Spectra of Molecules [Russian translation] (IL, 1957) p. 43. 

11. J. F. Brown Jr., J. Am. Chem. Soc. 11, 6341 (1955). 


* Original Russian pagination. See C, B, translation. 


4 

2 

= 

5 

gion 

me? 

884 


DIFFERENCE IN MECHANISMS OF DEHYDROGENA TION 


ON OXIDES AND METALS 
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Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 946-947, 1960 
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Kinetic data indicate a difference in the mechanisms of dehydrogenation of hydrocarbons and alcohols 
on metal and oxide catalysts [1-3]. Thisis apparently due to the chemical difference in metals and oxides. 
The different valence state (different nature of the free valences) of the metal in the two classes of compound 
examined causes the different energies of the adsorption bond of the reacting atoms with the catalyzing metal 
atoms. In addition, on oxide catalysts there is the effect of the free valences of oxygen, which must be present 
on the adsorbent surface at T > 0, The latter is indicated by the energies of the bonds of different elements 

with a catalyst, Qj,, determined by the kinetic method [4]. Table 1 gives values obtained by Balandin [5] for 
the energies of bonds of reacting oxygen, carbon, and hydrogen atoms with the atoms of tungsten catalysts 

(QoK: QcK, and Op). The values of QcK and Qox on W2Os and WS; practically coincide, i.e., O and C atoms 
of reacting molecules are attracted to the same active points of the metal on the two catalysts.* On the other 
hand, the value of Opz, (energy of the bond of hydrogen atoms with the catalyst) differs strongly for W,O, and 
WSz, i.e., Op shows not the common traits of the two catalysts, but, on the contrary, their differences. Thus, 
active points of oxygen and sulfur and also active points of metal of different forms may participate in the bond 
with hydrogen. 


TABLE 1 


Energy of Bond of Oxygen, Carbon, and Hydrogen Atoms 
with Tungsten Catalysts (kcal/ mole) 


As shown by the data in Table 2, which were obtained by Balandin, Tolstopyatova, and their co-workers 
{1, 5, 7-10], the opposite picture is observed on various oxide catalysts, i.e., the values of Q., and Qox change 
considerably, while the value of Qyy is approximately constant. From this it may be concluded that in adsorp - 
tion on oxides and sulfides, hydrogen is largely bound by free valences of oxygen and sulfur. This, incidentally, 
is more favored energetically as more energy is liberated in the formation of O-H and S—H bonds than in the 


*Although WO, and WS, in the ground state have active points of metal of different types, at T> 0 on the catal- 
yst surface there are present with some degree of probability active points corresponding to excited states and 
the two catalysts may have corresponding forms of free valences (see our work [6]). 
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TABLE 2 


Energy of the Bond of Oxygen, Carbon, and Hydrogen Atoms with Oxide Catalysts (kcal ’ 
per mole) 
Catalyst | Preparation method | Pox | HK 
From nitrate, pptn with soda 71,8 it 9 | 54,5 va 
From nitrate, pptn with NHs 51,5 | 19,8 
From nitrate, pptn with soda, on asbestos 
From sulfate, pptn with NHs, on asbestos 57,4 16,3 95, 
From (NH 7, obtained by firing 45,2 8,8 | 60,8 
From (NH,),Cr,O7, obtained by firing, 
on asbestos 35,1 | 14,8 | 97,8 oe 
: Prepared oxide, on asbestos 66,5 5,4 | 57,9 a 
TOs | From nitrate, pptn with NHg 62,7 | 11,6 | 54,5 4 
From nitrate, pptn with NH, 53,5 4,1 54,5 
tie Preparation method not given 31,5 4,8 | 99,9 
On asbestos, preparation method not given 45,0 6,0 62,7 
— From nitrate, pptn with NH 50,4 5,8 | 66,7 
Mo,05 On asbestos 63,5 18,2 | 44,7 
53,3 | 16,3 | 48,5 


CeO, 


formation of M—H bonds. Naturally, we cannot exclude the fact that there is simultaneous adsorption of hydrogen 
atoms on active points of metal and the ratio of these two adsorptions should be determined by statistical factors. 
This explains the discrepancies in the values of Qyyx for different oxides. 


The difference in the mechanisms and rates of dehydrogenation on oxides and metals is explained from 
this point of view by the completely different nature of the O—-H and M—H bonds, in the first of which the 
positive pole is displaced toward hydrogen and in the second, toward the metal. As O—H bonds are stronger than 
M-—H bonds, decomposition of the activated complex on oxides proceeds more slowly than on metals and this is 
the reason for the lower dehydrogenation rate on oxide catalysts. 


The higher temperature of dehydrogenation of cyclic hydrocarbons on oxides in comparison with metals 
(see, for example [2]) is explained by the fact that metal atoms producing this reaction have free valences in the 
ground state [6], while considerable energy is required for the formation of the free valence of oxygen. We should 
note, incidentally, that in the case of isotopic exchange of deuterium and hydrogen on oxides, the structure of the 
metal ion has an effect on the course of the reaction [11]: in contrast to dehydrogenation the free valences of the 
metal are not occupied by carbon and oxygen atoms of the reacting molecules and on them there may be consider - 
able adsorption of hydrogen or deuterium as free valences of oxygen are present in much smaller numbers than free 
valences of metal on the oxide surface, due to their high energy of formation. 


The idea of free valences of different forms, corresponding to active points of different activity [6], makes 
it possible to explain the effect of the origin of the catalyst on the values of Qox and Qc, and the independence 
of the value of Ory of the catalyst preparation method (see, for example, the values of Opi, Qox: and Oc, for 
Cr,O3 in Table 2); with different preparation methods, there are different ratios of the various forms of free valences 
of the metal ions on the catalyst surface. For example, chromium oxide obtained by firing any bichromate must 


contain a certain amount of unreduced hexavalent chromium, while Cr,0, obtained from salts of trivalent chro- 
mium does not contain CRO. 


SUMMARY 


1. In the hydrogenation and dehydrogenation of hydrocarbons and alcohols on oxide and sulfide catalysts, 
the hydrogen atoms of the reacting molecules are bound predominantly by oxygen and sulfur atoms of the catalyst. 


The difference in the mechanisms of dehydrogenation on oxides and metals is explained by the chemical differ - 
ence of these classes of compound. 
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2. The higher dehydrogenation temperature on oxides in comparison with metals is explained by the high 
energy of formation of the free valence of oxygen. 
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DIPOLE MOMENTS OF SOME ORGANOGERMANIUM COMPOUNDS 
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By means of the heterodyne method we measured the dipole moments of six organogermanium compounds 
at 25°, The extrapolated values of the polarization of these compounds were calculated by Hedestrand's formula. 
As in the case of silicon compounds, in the calculation of the orientation polarization it was necessary to consider 
the atomic polarization,as neglecting this value could lead to considerable error in the dipole moment or organo- 
germanium compounds. In this connection it is sufficient to point out that P,, for GeC, is 8 cm? {1}, i.e., ~ 26% 
of P,}. Starting from similar values of Pg, for germanium compounds and comparing then with corresponding 
values of P,, for organosilicon compounds, we estimated the atomic polarization for the six compounds investigated. 
Instead of the extrapolated values of the electronic polarization, as in previous work, we used the molecular refrac - 
tions for the yellow sodium line. The experimental data obtained are given in the table, where we present the 
total polarization, molecular refraction, atomic polarization, and dipole moment. 


As the table shows, all the compounds have quite 


large dipole moments. While the moment of CH;CC1, 
Substance Protal Ry Pat |uxtom equals 1.57 D [2] and the moment of CH,SiCl, equals 

1.87 D [3], the moment of CH,GeCl, is 2.63 D, i.e., there 
(CHy\GeCl, 183,2| 31,7] 8 | 2,63 is an increase in the ratio 1 : 1.15 : 1.63. The increase in 
(CHy):GeCl, 239,3) 31,5] 8 | 3,44 the polarity of organogermanium compounds is in accord 
with the position of germanium in the periodic table. We 
(CH,)sGeCHCICHs 164.4 42,4 8 2'34 should note the large difference between the moment of os 
ClyGeCHCH,Cl 165,7| 41,2] 8] 2,44 


CH,GeCl, and that of CH,SiC1, in connection with the fact 
that the ionization potentials of silicon and germanium 
differ little from each other, while the covalent radii of 
these elements are in the ratio rGp : tgj = 1.04. In germanium compounds, apparently, there is less manifestation 
of the effects influencing the dipole moment which are of considerable importance in organosilicon compounds. 
In organogermanium compounds, the state Ge~ (V) is expressed less than Si” (V) in organosilicon compounds. We 
should note that the degree of double-bond character for the bond Ge—Cl was estimated as 15%, while in the case 
of Si—Cl it equals 30% [4]. 


With an increase in the dimensions of the central atom, the inductive effect of the substituents should fall. 
In compounds of germanium with halogens this effect is probably shown to an insignificant extent. Thus, the 
ratio of the moments of (CH3)yGeCl, and CHyGeCl, equals 1.18 and for (C,Hs),GeCl, and C,H,GeCl, this ratio 
is 1.12, which is quite close to the theoretical value of 1.16. In comparing the moments of these four compounds 
we should also note that there is an increase in polarity on replacement of a methyl by an ethyl group. This may 
be connected with alternating polarity under the influence of the germanium atom [5]. As in the case of organo- 
silicon compounds, alternating polarity in organogermanium compounds is probably particularly strongly expressed 
when there is a substituent in the 8 position which is an electron acceptor, for example, halogen. From this point 
of view it is possible to explain the fact that the moment of the compound Cl,GeCH,CH,Cl (2.41D) is close to 
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that of the compound (CH;)sGeCHCICH; (2.34 D). If the moment of the first compound is represented as the 
vector sum of the moments of the separate bonds, then for the bond Ge—Cl, the moment would be either ~ 1.50D 
or ~ 5 D (depending on the position of the 6 -chlorine atom and the —GeCl, group relative to the C—C bond), 
This representation is incorrect as it is known that the compound H,GeCl has a dipole moment of 2.03 D [6], 
while the moment of the compound CH,GeH, equals 0.67 D according to the data of microwave spectra [7]. It 

is possible to estimate the moments of some bonds in organogermanium compounds by comparing the dipole 
moments of various compounds of carbon, silicon, and germanium and also on the basis of the comparatively 
small difference in the electronegativities of the last two elements and the similar values of their covalent radii. 
A comparison of this type leads to the following results for the moments of the bonds: Ge*-C1” ~ 3.00 D; 

Ge*— H™ ~ 1.00 D; Get—C ~0.65 D, These valuesdo not contradict known experimental data for germanium 
compounds, with the exception of compounds involving the Ge—C,H, bond, where the anomalies may be due to 
alternating polarity. 


SUMMARY 


1. The dipole moments of six organogermanium compounds were measured. 


2. In the case of organogermanium compounds there is no inductive effect of substituents at the central 


3. Alternating polarity in the carbon chain was detected in compounds containing the group—GeC,Hg. 


+. The moments of separate bonds in organogermanium compounds were estimated. 


LITERATURE CITED 


C, P. Smyth, Dielectric Behavior and Structure (New York, 1955) p. 420. 

2. A.E. v. Arkel and J, L. Snoek, Z. Phys. Chem. B, 18, 159 (1932). 

3. G.N. Kartsev, Ya. K. Syrkin, V. F. Mironov, and E. A. Chernyshev, Doklady Akad. Nauk SSSR 122, 
99 (1958).* 

B. P. Dailey, J. M. Mays, and C. H. Townes, Phys. Rev. 76, 136 (1949). 

K, Fajans, Chem. and Eng. News 27, 900 (1949). at 

C. P. Smyth, A. J. Grossman, and S. R. Ginsburg, J. Am. Chem. Soc. 62, 192 (1940). 

A. I. Barchukov and A. M. Prokhorov, Optika i Spektroskopiya 4, 799 (1958). 


Aan > 


*Original Russian pagination. See C. B. translation. 


> 
4 
: 
ral 
ae; atom. 
: 
5 
Me 
> 
4 
* 
* 
> 
889 
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Sir: 


As we showed, the tropylium cation is capable of abstracting a hydride ion from a molecule of cyclo- 
heptatriene [1]. 


We considered that this type of hydride transfer could be achieved by the action of a tropylium cation on 
a molecule of ditropyl ether. It was to be expected that the tropylium ion would be converted into cyclohepta - 
triene, while the ditropyl ether molecule would decompose to tropone and a new tropylium ion, which would 
react with another molecule of ditropyl ether, continuing the chain. 


The over-all result of the reaction would be hydride transfer from one cycloheptatriene ring of the ditropy] 
ether to the other cycloheptatriene ring of the same molecule and thus disproportionation of ditropyl ether to 
tropene and cycloheptatriene; 


— t 


Experiments confirmed the accuracy of our hypothesis. In the presence of catalytic amounts of tropylium 
bromide in nitromethane solution, ditropyl ether was actually converted completely into tropene and tropylidene. 


LITERA TURE CITED 


Z. N. Parnes, M. E, Vol'pin, and D. N, Kursanov, Izvest. Akad. Nauk SSSR, Otdel. Khim. Nauk, 763 
(1960). « 


* Original Russian pagination. See C, B. translation. 
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OXIDATIVE POLYCONDENSATION OF p-DIETHYNYLBENZENE 


I. L. Kotlyarevskii, L. B. Fisher, A. A. Dulov, and A. A. Slinkin 


: Institute of Chemistry, Eastern Siberian Branch of the Siberian Division aos 
« of the Academy of Sciences of the USSR = 
ig Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, Es 
pp. 950-951, 1960 
a Original article submitted February 16, 1960 z 
Sir: a 
By oxidative polycondensation of p-diethynylbenzene in aqueous alcohol at roomtemperature in the presence Ss 
of cuprous chloride and ammonium chloride, we obtained a quantitative yield of a red-orange polymer, which ROSS 
was insoluble in benzene, ether, acetone, dioxane, dimethylformamide, nitrobenzene, and tetrahydrofuran. A? 


One sample of polymer had the following elementary composition: C 91.54; H 3.81; Cl 4.21%. 


The electron paramagnetic resonance spectrum (EPR signal with g « 2)* and the infrared absorption spec- 
trum (main bands: 825, 1010, 1100, 1215, 1490, 1590, 1630, 1700, 2000 and 3280 cm~'y were investigated. We 
determined the electrical conductivity (wide forbidden band 1.7 ev) and the specific magnetic susceptibility 


(x - 108 = 0,2), which increased by a factor of 10 when the polymer was heated in vacuum (200%, while the color 
of the polymer changed from orange-red to black-brown. q 
On the basis of the data obtained it may be assumed that the polymer has the structure * 4 
HC = c-€_S-c=c cac-¢_S —C=C,C =c-¢€_S-c= CH-HCI 
where n = 3-4. The position of the chlorine has not been established. : 
* The electron paramagnetic resonance spectrum was plotted in the Laboratory of Anisotropic Structures by L. A. ke: 
Blyumenfel'd. The infrared spectrum was determined in the Institute of Organic Chemistry by Yu. P. Egorov. 
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ORGANOSILICON ETHERS OF OXIMES 


B. N. Dolgov, Z. I. Sergeeva, N. A. Zubkova, E. M. Matveeva 
and M. G. Voronkov 


Institute of Silicate Chemistry, Academy of Sciences of the USSR 

and A, A. Zhdanov Leningrad State University 

Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
p. 951, 1960 

Original article submitted February 29, 1960 


Sir: 


Organosilicon ethers of oximes have been unknown up to now. We prepared trialkylsilyl ethers of ald- 
and ketoximes in good yields (50-80%) by the reaction of trialkylchlorosilanes with appropriate oximes in the 
presence of pyridine according to the scheme: 


R’ R’ 
R’ 
whereR = CHs, R’ = H, R”= CHsg, CgHs, n-CgHz, i-CgH7, 
The reaction proceeded smoothly at room temperature and was complete after the reaction mixture had 

been stirred for four to five hours. In addition to the main reaction product, the trialkylsilyl ether of the oxime, 
pyridine hydrochloride was formed quantitatively. Twelve of the O-trialkylsilyloximes we synthesized were 
colorless liquids with a weak ether odor, which were comparatively resistant to hydrolysis. Their physical con- 
stants, yields, and analysis data will be published soon. During hydrogenation of the trialkylsilyloximes over Pt 
at room temperature, the O—N bond was cleaved to form a mixture of amines of various degrees of substitution, 
ammonia, and the corresponding trialkylsilanols. Hydrolysis of O-triethylsilylpropionaldoxime with 5% HC1 with 


heating for 7 hr on a water bath resulted in only 50-60% hydrolysis. The hydrolyzate contained the starting silyl 
ether, the oxime, hexaethyldisiloxene, and a nitrogen -containing resin. 


The infrared spectra of all the O-trialkylsilyloximes synthesized contained the characteristic frequency 
of 1636-1640 cm™', which can probably be assigned to valence vibrations of C = N. 
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VINYL COMPOUNDS OF TRI- AND PENTAVALENT ANTIMONY a 
A. N. Nesmeyanov, A. E. Borisov, and N. V. Novikova ica 
Institute of Heteroorganic Compounds, Academy of Sciences, USSR a 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
p. 952, 1960 
Original article submitted February 29, 1960 Bee 
Sir: 
We have described the synthesis of cis and trans isomers of propenyl compounds of tri- and pentavalent i 
antimony [1]. oe 
We are now able to report the synthesis of vinyl compounds of tri- and pentavalent antinomy. Poa! 
Vinylmagnesium bromide and antimony trichloride in tetrahydrofuran form trivinylantimony with b.p. : 
46°/15 mm;n™D 1.5614; d*°, 1.4341, which reacts smoothly with bromine in chloroform solution to form tri- fe 
vinylantimony dibromide with b.p, 117°/1 mm; n?°D 1.6400; 2.1152. 
The reaction of trivinylantimony dibromide with vinylmagnesium bromide yielded pentavinylantimony ss 
with 1.5590; d?°, 1.2986 
= CH)sSbBrg 4+ = CHMgBr —> (Cs = CH)sSb + 2MgBro. 
Reaction of the latter with an equimolecular amount of bromine yielded tetravinylstibonium bromide; = 
(CHg = CH),Sb -+} Brg —> (CH, = CH),SbBr + CH, = CHBr, 
with 53-54°, 
LITERA TURE CITED 
1, A.N. Nesmeyanov, A. E. Borisov, and N. V. Novikova, Izvest. Akad. Nauk SSSR, Otdel. Nauk 147 
(1960). 
- 


* Original Russian pagination. See C, B. translation. 
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CURRENT EVENTS 


GENERAL MEETING OF THE DIVISION 
OF CHEMICAL SCIENCES, ACADEMY OF SCIENCES USSR, 


DECEMBER 24 and 25, 1959 


Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 953-955, 1960. 


The General Meeting of the Division of Chemical Sciences was held on December 24 and 25, 1959. Act- 
ing Member of the Academy of Construction and Architecture and other Technical Sciences N, A. Toropov gave 
a report on "Rare earth silicates.” He reported that the chemical and physicochemical properties of simple 
silicates and of rare earth oxides have been studied little. Phase diagrams, which make it possible to determine 
the thermal properties of rare earth silicates, characterize separate chemical compounds, and establish the 
presence or absence of solid solutions in systems have been studied in the Institute of Silicate Chemistry of the 
Academy of Sciences of the USSR. It was discovered for the first time that lanthanum orthosilicate forms in the 
binary system lanthanum oxide— silica and data were obtained which indicate the formation of the pyrosilicate 
and oxyorthosilicate. The systems gadolinium oxide—silica, yttrium oxide—silica, and neodymium oxide— 
—silica were also studied. All the rare earth silicates studied were characterized by melting points of ~ 2000° 
and sometimes even higher. 


Candidate of Physical and Mathematical Sciences V. A. Kolesova gave a report on molecular spectroscopic 
investigations of aluminosilicate glasses. A comparative study of the infrared absorption spectra of crystalline 
silicates containing aluminum showed that if atoms of the latter were incorporated in the anionic framework 
of the crystal, isomorphously replacing silicon atoms, then the spectra showed an intense absorption band of a 
complex structure in the region of 760 cm’. If the aluminum atoms were cations replacing atoms of alkali 
or alkaline earth metals, then this band was absent from the spectrum. The band mentioned above was always 
observed in the spectra of crystalline aluminates, whose lattices were constructed of aluminum—oxygen poly - 
hedra connected together. It was suggested that the band in the region of 760 cm™ in the vibration spectrum of 
aluminosilicates and aluminates is produced by the vibration of the partially covalent Al—O bond. Thus, the 
presence or absence of this band makes it possible to determine the character of the Al—O bond in the crystal. 

It was established that if in alkali aluminosilicate glasses Al,O,< Me,O, the aluminum atoms are incorporated 
in the anionic lattice of the glass and are bound by oxygen atoms with forces of a partially covalent character. 
Due to the trivalence of an aluminum atom, the AlO, tetrahedra formed bear one negative charge in comparison 
with SiO, tetrahedra and this is compensated by the charges of the alkali metal atoms in the lattice of the glass. 
The alkali metal atoms lying close to the AlO, tetrahedra are not depolymerizers in the lattice of the alkali 


aluminosilicate glasses and in this the structure of the glasses investigated differs substantially from that of 2- 
component alkali silicate glasses. 


In his report on "Vibration spectra and the structure of anions of the type X,Y; and model organic com- 
pounds,” A. N. Lazarey reported that in most silicates the SiO, tetrahedra are bound by common oxygen atoms 
in groups, chains, layers, and a three-dimensional framework and attempts to interpret the spectra of these 
silicates on the basis of normal vibrations of isolated SiO, groups were found to be unsuccessful due tothe fact 
that they did not allow for the interaction of the vibrations of the tetrahedra bonds. In an investigation of the vibration 
spectra of the "model substances,” te traalkoxysilanes Si(OR), and polyalkoxysilanes (RO)3Sif OSi(OR)zpOSi(OR)s) it was 
established that the completely symmetrical vibration of SiO, groups in a chain of tetrahedra is split and the number of 
components equals the number of units of SiO, groups in the chain, The other valence vibration (triply degenerate) 
is only slightly split with the formation of a chain. With the change from (SiO,)*” ions to the "doubled" ions 
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(Si,O,)* in pyrosilicates, splitting of the triply degenerate valence vibration of the tetrahedron does not usually 
exceed the amount of splitting of this vibration in an orthosilicate produced by the interaction of the anion with 
cations, With a change to Si,O, groups, the fully symmetrical vibration of the tetrahedron is split into two com- 
ponents which differ sharply in frequency and this may be a spectroscopic criterion of the presence of these groups. 


These ideas were confirmed by the investigation of a number of silicates containing (Si,O,)®~ ions accord - 
ing to the data of x-ray structural analysis. The existence of these ions was also detected spectroscopically in 
some silicates whose structures have not been established by x-ray diffraction methods. The amount of splitting 
of the fully symmetrical vibrations of the SiO, tetrahedra with a change to the (Si,0;)®” ion makes it possible to 
assess the significance of SiOSi in this ion. For this purpose it is also possible to use the relation of the selection 
tule to the symmetry of the Si,O, group. The SiOSi angles in a number of pyrosilicates were evaluated and in all 
cases, apart from silicates of the thortveitite group, it was shown that < SiOSi < 180°. The assignment of the 
frequencies of the Si,O, group was confirmed by the comparison of the spectra of the other X20, ions, in particular 
by investigation of the polarization lines in the Raman spectrum of the P,O, ion in solution. A comparison of the 
spectra of Si,O;, P,O07, and Cr,O, ions confirmed, at least qualitatively, the proposed nature of the change of the 
ratio of the strengths of X—O—X and X—O -bonds in XO, and X20, ions in relation to the number of valence elec- 
trons at the X atom. 


Corresponding Member Acad, Sci. USSR N. N. Vorozhtsov reported an investigation on the mechanism of 
isomerization of substituted naphthalenes, He reported a new method of determining the ratio between intra - 
and intermolecular mechanisms of isomerization of substituted naphthalenes based on the determination of the 
route of the migrating group relative to one of the positions in the molecule labeled with radiocarbon. By means 
of this method it was possible to study the isomerization of 1-substituted naphthalenes, labeled with radiocarbon 

in position 1. If the process proceeds by an intramolecular mechanism, the isomerization should form 2-substituted 
naphthalenes also labeled in position 1; if the conversion proceeds by an intermolecular mechanism with the inter- 
mediate formation of naphthalene, it should yield an equimolecular mixture of 2-substituted naphthalenes, labeled 
in positions 1, 4, 5, and 8, To determine the position of the “label” the 2-substituted naphthalenes obtained by 
isomerization were degraded by a scheme which made it possible to isolate the carbon atom from position 1 in 

the form of carbon dioxide. The ratio of the molar radioactivities of the carbon dioxide and the 2-substituted 
naphthalenes should equal 1 ; 1 if the isomerization proceeds by an intramolecular mechanism and the absence 

of migration of the substituent in position 2 to position 3 and 0,25 ; 1 in the case of an intermolecular mechanism. 


Up to the present the following facts have been established by means of the method given: a) vapor-phase 
isomerization of 2-methylnaphthalene to the 2-isomer over an aluminosilicate catalyst at 320° in a stream of 
hydrogen chloride proceeds almost completely (93%) by an intramolecular mechanism; b) vapor-phase isomeriza - 
tion of 1-chloronaphthalene to the 2-isomer under analogous conditionsbut at 360° also proceeds almost completely 
(92%) by an intramolecular mechanism; c) isomerization of 1-naphthalenesulfonic acid to the 2-isomer by heat- 
ing with concentrated sulfuric acid at 160° proceeds completely by an intermolecular mechamism. 


Data available at the present time indicate that both intra- and intermolecular isomerizations of aromatic 
compounds are due to the addition of a proton to the carbon atom connected to the migrating group. The role 
of catalysts of the type AICl;, FeCl,, etc. is reduced to facilitation of this addition as a result of their polariza- 
tion of the molecule of the protonic acid. In cases where the aromatic compound tends to add a proton to the 


required carbon atom due to structural characteristics, migration of the substituent may occur in the absence of 
such catalysts. 


Corresponding Member of the Acad. Sci. UkrSSR A. V. Kirsanov (coauthor with Candidate of Chemical 
Sciences E, S, Levchenko) gave a report on “Derivatives of imino sulfonic acids." He reported that derivatives 
of imino sulfonic acids are of great interest as a new type of organic compounds and as sulfur analogs of deriv- 
atives of imino carboxylic acids and imidines, many of which have valuable physiological properties and parti - 
cipate in important biochemical processes, As there are many compounds of great practical value among the 
derivatives of sulfonic acids, there is no doubt that at least as many practically valuable substances will be found 
among derivatives of imino sulfonic acids if it is possible to find simple and convenient methods of preparing 
them. The simplest derivatives of sulfonic acids are obtained from their acid chlorides. No doubt derivatives 
of imino sulfonic acids will be obtained most readily from acid chlorides of N-substituted imino sulfonic acids. 
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N-Dichlorophosphinyliminosulfony! chlorides could be obtained by the action of phosphorus pentachloride 
on diacid chlorides of alkylsulfonylamidophosphoric acids. The action of phosphorus pentachloride on diacid 
chlorides of arylsulfonamidophosphoric acids depending on the nature of the latter, yielded either acid chlorides 
of N-substituted imino sulfonic acids or phosphazosulfone compounds. The different directions of the reaction 
could be explained theoretically. Diacid chlorides of N-dichlorophosphinyl imino sulfonic acids have properties 
similar to those of acid chlorides of sulfonic acids and acid chlorides of N-substituted phosphamic acids. When 
treated with amines they give amides of N-diamidophosphinyl imino sulfonic acids and they also react with 
alcohols, phenols, and other substances containing active hydrogen atoms to form the corresponding derivatives 

of N-phosphinyl imino sulfonic acids. Under the action of phosphorus pentachloride, acid chlorides of N-dichlo- 
rophosphinyl imino sulfonic acids of certain structures are cleaved with the formation of the corresponding mono- 
chlorohydrocarbons and N-dichlorophosphiny! imino thionyl, which was not previously known. Acid chlorides of 
N-arylsulfonyl imino sulfonic acids could be obtained by the action of sodium salts of chloroamides of sulfonic 
acids on acid chlorides of sulfinic acids. Acid chlorides of N-arylsulfonyl imino sulfonic acids are similar in 
chemical properties to acid chlorides of sulfonic acids and a series of derivatives of N-arylsulfonyl imino sulfonic 
acids were prepared from them. 


The author reported that the preparation of acid chlorides of N-dichlorophosphinyl and N-arylsulfonyl 
imino sulfonic acids opens up a route to the preparation of various derivatives of imino sulfonic acids and a study 
of the properties of this new type of compound. 


At the General Meeting of the Division on November 26, 1959, reports were given by Academician V. A. 
Kargin on "The formation of regular geometric structures in polymers and the mechanism of crystallization” and 
Doctor of Chemical Sciences M. M. Koton on “The effect of chemical structure on the polymerization capacity 
of vinyl monomers." 
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GENERAL MEETING OF THE DIVISION OF CHEMICAL SCIENCES, 
ACADEMY OF SCIENCES USSR, ON JANUARY 29, 1960 


Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, No. 5, 
pp. 955-956, 1960 


On January 29, 1960 there was a combined session of the Divisions of Chemical and Biological Sciences 
under the chairmanship of Academician A. P. Vinogradov and Corresponding Member Acad. Sci. USSR N. M. 
Sisakyan. A total of six reports and communications were presented on various problems of photochemistry 
and photosynthesis. 


Academician A. N. Terenin gave a report on "Semiconductor properties and photochemistry of chlorophyll 
and its analogs." He put forward the hypothesis that the aggregate form of chlorophyll present in chloroplasts is 
typical of a semiconductor in which electrons are freed under the action of light. Their movement within the 
solid phase of the pigment, and not the diffusion of any particles in the surrounding medium produces the remote 
interaction of the spatially separated sites where the oxidation and reduction stages of photosynthesis occur. This 
hypothesis on the mechanism of photosynthesis is an extension of the chlorophyll hypothesis on the existence in 
biological structures of generalized electron levels. It is known that each single reaction of photosynthesis is 
produced by an aggregate of 250 chlorophyll molecules functioning as a whole (photosynthetic unit) in the sense 
that a photon absorbed by any molecule of the aggregate is used productively in the reaction. 


The systematic investigation of semiconductor and photoelectrical properties of crystals of organic dyes 
carried out in the laboratory of the author has been extended in recent years to chlorophyll, its derivatives, 
porphyrins, and in particular, their metal derivatives, and also synthetic tetrapyrrole pigments, phthalocyanins, 
and their various metal derivatives. For this purpose use was made of highly sensitive methods of measuring the 
resultant photocurrent, photo-emf, and the contact potential difference during illumination. An oscillographic 
method was also used for recording the primary photocurrent which has a low inertia (10°5 sec). A combination 
of these methods was used to demonstrate the appearance of photocurrents in crystalline samples of chlorophyll, 
chlorophyllides, hemin, and other natural pigments and also in phthalocyanins during illumination in the spectral 
region where the components of their molecules absorb. The magnitude of the photocurrents was much less for 
the amorphous state. In contrast to the conductivity mechanism proposed by foreign authors, in which the mobil- 
ity of only electrons is postulated, it was shown that chlorophyll and the pigments examined in the normal state 
have a hole-type of conductivity, i.e., it is not electrons liberated by light that are mobile, but electronic 
vacancies created by light at the lowest ground level of the pigment molecule. Thus, the photoconductivity of 
chlorophyll and other analogous pigments should be treated as relay intermolecular exchange of an electron, 
while the electron liberated primarily remains held at a higher “capture” level. In chemical language this 
process of the migration of an electron vacancy may be called oxidative -reductive transfer of an electron at 
the lowest molecular level. 


and phthalocyanins, on a platini:m electrode immersed in an electrolyte solution. The sign of the emf of this 
half-cell produced during illumination, depended on whether an oxidizing agent or a reducing agent was present 
in the solution. Thus, in this phenomenon the phototransfer of charge within the layer is accompanied by the 
oxidation -reduction reactions at the pigment—electrolyte boundary. Thus, this model superficially confirms 
the applicability of the semiconductor mechanism of photosynthesis. However, the very low quanta yield of the 


In 1950 V. B, Evstigneev and the author detected a photovoltaic effect for layers of chlorophyll, pheophytin, 


photocurrents arising in the chlorophyll layers even with very intense illumination, without going into a comparison 
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of the quantum yield of the constituent reactions of photosynthesis, refutes the point of view that the action of 
chlorophyll in chloroplasts has a semiconductor origin. The conjugation of the spatially separate reactions in 
chloroplasts and the remote action described above are apparently accomplished not by the transfer of electrons 
or electron vacancies, but by the proved and generally accepted mechanism of inductive relay transfer between 
molecules of an excitation energy quantum in the form of an “exciton.” A substantial role may be played by 
the transfer of excitation energy between biradical (triplet) energy levels, the efficiency of which has been 
demonstrated experimentally. 


Doctor of Biological Sciences Prof. A, A. Krasnovskii gave a report on the reversible photochemical reduc - 
tion of chlorophyll, its analogs and derivatives. An essential of this reaction is the formation of active photo- 
products, “recording” the energy of the light quanta. These photoproducts react reversibly in the dark stage of 
the reaction with regeneration of the starting pigment molecule. Chlorophyll a and b, protochlorophyll, bacterio- 
chlorophyll, the corresponding pheophytins, various porphyrins, phthalocyanins, and the magnesium and zinc com- 
plexes of these pigments are capable of photoreduction. No capacity for reactions of this type could be detected 
with phycobilins and carotenoids. The spectral properties and reactivity of the products of photoreduction differed 
for different pigments and depended to a large extent on the conditions of acid—base equilibrium. Ascorbic and 
dihydroxymaleic acids, cysteine, ferrous compounds, etc. were used as electron (hydrogen) donor molecules, 
reducing the excited pigment molecules. The excited pigment molecule abstracted an electron from the donor 
molecule with the formation of a pair of ion—radicals and then the dark stage of proton transfer followed. The 
ion—radicals formed during the reaction were capable of initiating the polymerization of methyl methacrylate. 
The formation of free radicals by the reaction was also demonstrated by electron paramagnetic resonance by 
illuminating the reacting system directly in the resonator of the instrument. 


When the ternary system electron donor—chlorophyll—electron acceptor was illuminated with red light 
(at the absorption maximum of chlorophyll), sensitized reduction of the acceptor molecules was observed. It 
was shown that the basis of the photosensitizing action of chlorophyll and its analogs in these photochemical 
transfers of hydrogen was reversible photoreduction: the photoreduced form of the pigment formed by the light 
act of the reaction reacted with the molecule of the electron acceptor in the dark act of the reaction, producing 
its reduction. As electron (hydrogen) acceptor molecules we used a wide range of compounds with oxidation— 
reduction potentials Ej from + 0.8 to - 0,32 v (at pH 7)—from oxygen to flavin and pyridine nucleotides. The 
establishment of the mechanism of the photosensitizing action of chlorophyll and its analogs, at the basis of 
which lies the photoreduction of the pigment—sensitizer, stated the author, provided an experimental basis for 


a working hypothesis on the participation of chlorophyll in the photochemical transfer of an electron in photo- 
synthesis. 


At the combined session of the two divisions, the following also gave reports; Dr. of Biological Sciences 
V. B. Evstigneev on "Photoelectrochemistry of systems containing chlorophyll and its analogs;"” Candidate of 
Biological Sciences F. F, Litvin (co-authors: Yu. A. Vladimirov and Prof. A. A. Krasnovskii) on “Chemolumi- 
nescence in photochemical reactions of chlorophyll;" Dr. of Biological Sciences D. I. Sapozhnikov (co-authors: 
Z. M. Eidel’man, N. V. Bazhanova, T. G. Maslova, and O. F, Popova) on “Nature of the interaction of chloro- 
phylls and carotenoids in photosynthesis;" Dr. of Biological Sciences Z. M. Eidel’man (co-authors; D. I. 


Sapozhnikov, N, V. Bazhanova, O. F. Popova, and G, A. Shiryaeva) on "Role of carotenoids in the transfer of 
energy in photosynthesis." 
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KINETICS 
AND 
CATALYSIS 


The first authoritative journal specifically designed for those 
interested (directly or indirectly) in kinetics and catalysis. 
This journal will carry original theoretical and experimental 
papers on the kinetics of chemical transformations in gases, 
solutions and solid phases; the study of intermediate active 
particles (radicals, ions); combustion; the mechanism of 
homogeneous and heterogeneous catalysis; the scientific 
grounds of catalyst selection; important practical catalytic 
processes; the effect of substance — and heat-transfer proc- 
esses on the kinetics of chemical transformations; methods 
of calculating and modelling contact apparatus. 


Reviews summarizing recent achievements in the highly im- 
portant fields of catalysis and kinetics of chemical trans- 
formations will be printed, as well as reports on the proceed- 
ings of congresses, conferences and conventions. In addition 
to papers originating in the Soviet Union, KINETICS AND 
CATALYSIS will contain research of leading scientists from 
abroad. 


Contents of the first issue include: 
Molecular Structure and Reactivity in Catalysis. A. A. Balandin 
The Role of the Electron Factor in Catalysis. S. Z. Roginskii 


The Principles of the Electron Theory of Catalysis on Semiconductors. 
F. F. Vol’kenshtein 


The Use of Electron Paramagnetic Resonance in Chemistry. 
V. V. Voevodskii 


The Study of Chain and Molecular Reactions of Intermediate Sub- 
stances in Oxidation of n-Decane. Z. K. Maizus, |. P. Skibida, 
N. M. Emanuél’ and V. N. Yakovieva 


The Mechanism of Oxidative Catalysis by Metal Oxides. V. A. Roiter 


The Mechanism of Hydrogen-isotope Exchange on Platinum Films. 
G. K. Boreskov and A. A. Vasilevich 


Nature of the Change of Heat and Activation Energy of Adsorption with 
Increasing Filling Up of the Surface. N. P. Keier 


Catalytic Function of Metal lons in a Homogeneous Medium. 
L. A. Nikolaev 


Determination of Adsorption Coefficient by Kinetic Method. |. Adsorp- 
tion Coefficient of Water, Ether and Ethylene on Alumina. 
K. V. Topchieva and B. V. Romanovskii 


The Chemical Activity of Intermediate Products in Form of Hydrocar- 
bon Surface Radicals in Heterogeneous Catalysis with Carbon 
Monoxide and Olefins. Ya. T. Eidus 


Contact Catalytic Oxidation of Organic Compounds in the Liquid Phase 
on Noble Metals. |. Oxidation of the Monopheny! Ether of Ethyl- 


eneglycol to Phenoxyacetic Acid. |. |. loffe, Yu. T. Nikolaev and 
M. S. Brodskii 


Annual Subscription: $150.00 


Six issues per year — approx. 1050 pages per volume 


Publication in the USSR began with the May-June 1960 issues. Therefore, the 1960 volume 
will contain four issues. The first of these will be available in translation in April 1961. 


CONSULTANTS BUREAU 227 w.175ST., NEW YORK 11, N. Y. 


Poutstanding new Soviet journals 


JOURNAL OF 
STRUCTURAL 
CHEMISTRY 


This significant journal contains papers on all of the most 
important aspects of theoretical and practical structural 
chemistry, with an emphasis given to new physical methods 
and techniques. Review articles on special subjects in the 
field will cover published work not readily available in 
English. 


The development of new techniques for investigating the 
structure of matter and the nature of the chemical bond has 
been no less rapid and spectacular in the USSR than in the 
West; the Soviet approach to the many problems of structural 
chemistry cannot fail to stimulate and enrich Western work 
in this field. Of special value to all chemists, physicists, geo- 
chemists, and biologists whose work is intimately linked with 
problems of the molecular structure of matter. 


Contents of the first issue include: 


Electron-Diffraction Investigation of the Structure of Nitric Acid and 
Anhydride Molecules in Vapors. P. A. Akishin, L. V. Vilkov and 
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Volumes 3 and 4 


The third volume in this series contains labo- 
ratory methods for the preparation of 30 
different compounds of furan derivatives, 
chosen because they can serve as intermedi- 
ates in the synthesis of compounds of more 
complex structure. The sections on aidehydes 
and dicarboxylic acids are particularly inter- 
esting since they offer new perspectives in 
the synthesis of furan derivatives. 

Volume 4, in addition to material on the 
synthesis of furan series derivatives, presents 
descriptions of preparation methods of deriv- 
atives of other heterocyclic systems. Checked 
synthesis procedures of many parent com- 
pounds of pyridine, chinoline, indole, and 
other series are included. 
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The lack of a practical guide to the labora- 
tory preparation of heterocyclic compounds 
is being met by this series of collections of 
synthesis methods, originally published by 
the Armenian Academy of Sciences. 


“. ,. intended to fill the gap in the coverage 
of heterocyclic compounds... The first two 
volumes are devoted entirely to the synthesis 
of furan derivatives. Each compound is de- 
scribed by its systematic name and structural 
formula; one method of preparation is given 
in detail; and other methods of preparation 
are referred to in the literature.” 
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